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Abstract
This thesis is concerned with the idea that people may know more about
mathematics than they think they do and rely on it more than they realize, especially in
work. That they more readily account for what they ‘do’, dismissing what they ‘know’
as ‘commonsense’ or ‘part of the job’, seems to extend a self-perception of not ‘being
a maths person’ and permits it to be transmitted within families, across generations and
throughout communities. At the same time, the pervasiveness of modern technology,
and the proliferation of information represented in mathematical shapes, patterns,
relationships, quantities and chance, would seem to be embraced by people with relative
ease. This is the paradox lying at the heart of this research, as it indicates that the
reported disconnection with mathematics is rooted in perception and not due to some
innate inability.
This research is important because it intends to make the use of mathematics in
work more visible in formal terms, and enable a reviewed self-perception as being
mathematics-capable and all that that implies for long term employability and well
being. This research is timely because it coincides with widespread concern in Ireland
regarding mathematics ability, engagement with mathematics education, and failing
levels of performance in international comparative studies. This research is groundbreaking because it attends to the topic in a novel combination of methodologies that
were especially designed and adapted for purpose.

In the absence of pre-existing

models, case studies were selected for their apparent absence of mathematics activity.
They were closely observed and the surrounding discourse recorded for later analysis,
on the basis that the absence of mathematics terminology did not confirm the absence of
mathematics. . The case studies enabled the ‘hidden’ mathematics to be uncovered and
aligned with the National Framework of Qualifications in Ireland in terms of
complicatedness, but revealed a depth of workplace context-complexity that had been
hitherto un-documented.
The methodology featured a parallel National Survey of People in Work in Ireland,
in order to hear what they had to say about their mathematics, albeit expressed in nonmathematical terms The findings of the National Survey, while confirming the initiating
paradox, provided insights into how mathematics may be hidden from view until
brought to the fore to solve a problem or manage a situation. These emergent issues
propelled the research into a new paradigm viz., to account for context-complexity, to

v

propose an extension to the NFQ to document it, and to introduce the concept of
Subject-centric Activity Theory to help explain the mathematics use/denial paradox.
The benefits enabled by this combination of methods accrue to many stakeholders.
Individuals, being more fully informed, may re-contextualise what they ‘know’ for long
term employability and continuing development, and may reverse their ‘non-maths
person’ self-perception. Employers may develop a heightened sense of the capabilities
of their workers and match them to the demands of their job. Providers of learning
opportunities may reflect their appreciation of the workplace context-complexity and
adjust their curricula accordingly. The richness and depth of learning acquired by tacit,
informal and non-formal means, may be able to be formally recognized, and serve as a
platform for further learning, development and innovation.
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_______________________________
Chapter 1:Introduction

_______________________________
1.0 Research Background
‘Looking at the Workplace through Mathematical Eyes’ is a research project to
align the mathematics that people actually ‘do’ in work, however unconsciously, with
the formal provisions of the National Framework of Qualifications in Ireland (NQAI,
2003), in order to heighten mathematics visibility. It attends, in particular, to the
mathematics that may underpin what might be called low-skilled or low-paid jobs that
do not feature obvious displays of mathematical activity. That such mathematics may be
performed while being denied or dismissed as ‘commonsense’, is a paradox that has
been widely explored and explained across a spectrum of political, educational,
industrial, technological, economic, psychological, personal and anthropological and
social themes (Strasser, 2003; Hoyles, 2008a; Wedege, 2010; Williams & Wake, 2007;
Coben, 2000b; Coben, 2003; Coben & Thumpston, 1995; Benn, 1997; Benn & Burton,
1993; Fennema, 1979; Klinger, 2009; Bourdieu, 1977; Wake, 2005; Wedege & Evans,
2006; Wedege & Evans, 2006; Kent, Noss, Guile, Hoyles, & Bakker, 2006; Carraher,
1991; Maasz, 2005). Longitudinal studies in the United Kingdom have reported that
insufficient mathematical knowledge, skills and competence negatively impact on a
person’s wellbeing and employment prospects in the long term (Bynner & Parsons,
1997; Bynner & Parsons, 2005). Furthermore, anxiety about mathematics and poor
outcomes in mathematics learning, may be explained by individuals as an unavoidable,
pervasive and permanent human characteristic of ‘not being a maths person’. Such
attitudes and beliefs about mathematics may limit educational choice, constrain
development opportunities, and may be transmitted within and across communities.
That this may be due to a mistaken self-perception, rather than any innate inability with
mathematics, makes this research important from social, educational and political points
of view.
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Many remedies have been proposed in order to create an ‘at homeness’ with
numbers (Cockcroft, 1982) and to repair the apparent discontinuity between school
mathematics and the real world. These include the concepts of Real Mathematics
Education, Mathematical Literacy, Quantitative Literacy, Functional Mathematics,
Functional Numeracy, Financial Literacy, and Techno-mathematical Literacy.
This present research takes an alternative approach. In viewing the world of work
through ‘Mathematical Eyes’, it seeks to peel away the many layers that hide the
mathematical underpinnings of the processes and procedures that support and comprise
specific jobs, to identify them as to type and level, and to measure the extent to which
they may, or may not, be recognized both formally and by the workers themselves. In
this way, individuals may have the opportunity to review their mistaken self-perception,
pursue their own development, embrace change, and arrest the propagation of the ‘nonmaths person’ narrative. To be clear, this approach is rooted in the identification and
calibration, in formal terms, of the mathematics that workers are observed to use in the
performance of their work, for the benefit of their development, long-term
employability and wellbeing. It does not intend to specify and remedy gaps in their
mathematics knowledge, skills and competence (MKSC) from a curriculum perspective.
There were many obstacles to overcome, some of which were apparent from the
outset, others being revealed as the research progressed. In the first instance, there was
neither a commonly agreed definition of the workplace, nor of what constituted a job.
There was no mechanism to identify the MKSC that underpinned the performance of
work, nor a means of aligning them with the standards provided by the National
Framework of Qualifications (NFQ). Even the definition of ‘competence’ was, and is,
disputed and can be seen to be used interchangeably with the term ‘competency’. The
notion of ‘mathematics in the workplace’ at the core of this research required to be
problematized insofar as it may be distinct from numeracy, school mathematics or many
other nuanced expressions of mathematics-containing activity. In addition, existing
methods for measuring ability with mathematics, having evolved from school-based
assessment models, did not suit workplace research as they tend to test curriculum recall
rather then the practice of mathematics in the workplace.
In times of such economic turmoil as surrounded the period of this research in
Ireland, employers were reluctant to accommodate the intrusion of research activity on
their premises. They were concerned with possible disruption, breaches of
confidentiality and liability in the event of an accident suffered by the researcher while
2

on company property. Trades Unions were suspicious of interventions that echoed
“Time and Motion” studies of an earlier industrial era which tended to redefine a ‘fair
days work’ in the employers’ favour at least. Workers were wary of being selected for
closer scrutiny, as if they had been placed in the ‘firing line’.
In addition, the provisions of the NFQ have been long established (NQAI, 2003) and
widely accepted both nationally and internationally as a set of standards to guide the
formal provision, assessment and accreditation of

learning outcomes. Its

implementation in the realm of formal adult education seemed to militate against the
recognition of non-formal, informal and tacit learning outcomes such as may be gained
in the workplace through analogical thinking and tacit rationality (Gustafsson &
Mouwitz, 2010). Briefly stated, the early progress of this research was hampered by
want of:


a satisfactory approach to conducting research in the workplace in difficult
circumstances



a definition of the mathematics sought



a contextualization of where and how they might be hidden



a method to find, identify and calibrate them, and



a method to align them with an existing framework that was designed for a
different purpose and context.

Building on his extensive personal experience of the workplace, the author devised
and adapted a range of exploratory tools capable of drilling through the layers of an
organization in order to select suitable jobs for study, to set boundaries to them and to
reveal their underlying mathematics activities as to domain and extent. Business
Activity Models (BAM) profiled the interaction and interdependence of key activities in
host organizations, enabling the selection of activities that were of interest to the
research. Work Practice Models (WPM), drew a detailed pattern of a particular work
practice, its boundaries, conditions and exceptions, for closer scrutiny. Finally, Detailed
Task Analyses (DTA) identified the individual elements of MKSC in sufficient detail as
to type and complicatedness. These tools were tested in a small scale Pilot Study, and
subsequently refined to capture more effectively the required detail. Thus informed, the
author developed an evidence-based protocol to align them with the appropriate NFQ
level.
3

The outcomes at this stage of the research, while meeting initial objectives,
revealed the existence of deeper concerns. It seemed that the structure and academic
provenance of the NFQ stood in sharp contrast to the knowledge and skills content of
work which had been designed to meet its own requirements, regardless of the NFQ.
This profound incompatibility presented a seemingly insurmountable obstacle to the
achievement of a key requirement of this research viz., the alignment of workplace
mathematics with the NFQ in the fullest sense. The author judged that gathering more
information, by ‘job-shadowing’ selected case studies in the performance of their work
and recording the surrounding discourse may afford the basis for a range of viable
solutions.
The job-shadowing discourse transcripts, in conjunction with the case study DTA of
their work practice, provided sufficient evidence for the author to calibrate the
underlying mathematics as to level of difficulty, using the alignment protocol he
developed for this purpose (Appendices 3.15 – 3.18, accompanying DVD). That the
mathematics concepts identified occurred at relatively low levels of difficulty or
complicatedness, was not surprising, since the case studies were selected for their
apparently non-mathematical content. That the individuals behaved in numerate ways in
specific settings however, seemed to contradict the notion of workplace “Mathematics
Invisibility”. Further, that these MKSC were expressed in multiple and sophisticated
contexts, strongly suggested that mathematics in the workplace supported something
deeper than that defined by the NFQ.
In sum, there is the widely reported phenomenon of “Mathematics Invisibility”
thought to be especially prevalent in the workplace. While it seemed that some workers
perceived themselves as ‘not being a maths person’, routinely denying their use of
mathematics or dismissing it as something else, they nevertheless acknowledged their
MKSC in specific settings.

It was not alone a question of how complicated the

mathematics knowledge and skills underpinning work were, but also the complexity of
the situations in which they operated. There seemed to be a range of factors that
influenced the perceived role of mathematics in the workplace which, not being
accounted for, tended to compound ‘Mathematics Invisibility’. That the performance of
a job was framed by its purpose, interacting with surrounding jobs, in pursuit of multifaceted and interdependent outcomes, seemed to draw attention to the activity of work
and its cultural / organizational antecedents.
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In other words, initial attempts to meet the needs of this current research, while
successful in themselves, revealed more fundamental issues, viz.,


Case study participants seemed to recognize their numerate behaviour in specific
workplace situations, while at the same time, being generally dismissive of their
use of mathematics i.e. being more aware of what they ‘do’ than what they
‘know’



The performance of work was not an isolated single function, but comprised
multiple

interleaved

elements

subject

to

interruption,

variation,

and

unpredictable influences, both internal and external


The level of difficulty of the MKSC in use seemed an insufficient metric to
capture the richness and complexity of the contexts in which relatively low
levels of mathematics may be used



The provisions of the NFQ seemed not to have the capacity to account for many
aspects of the MKSC that were valued in the workplace by individuals,
employers, recruiters, and providers of learning opportunities for, and in, the
workplace.

As these hypotheses were prompted, initially in the Pilot Study and by a very small
number of case studies, the author designed and conducted a National Survey of People
at Work in Ireland to hear what they had to say about their perception of their
mathematics in their jobs. These survey response data, complemented by the transcripts
of 4 case studies, offered the possibility of within- and across-case support and
enhanced research rigor. However, dealing with rating scale models comprising Likert
style item responses, posed particular challenges because of the ordinal nature of the
data (Likert, 1932). Applying ordinal numbers to ordinal response categories and
proceeding to develop parametric tests, did not seem, in this case, to provide a
satisfactory representation of the sample’s beliefs and attitudes around their visibility of
mathematics and the extent of its utility and relevance to their work. In addition to
reporting the comparative frequencies of response categories, this present work
employed Rasch Measurement Theory (RMT) to establish an extra dimension of
confidence through triangulation.
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This combination of tried and tested approaches to research, supplemented by
innovative instruments designed to fill methodological lacunae, offered solutions to
research problems that were known in advance, and the capacity to deal with new ones
as they came to light, culminating in:


a set of novel methodologies for identifying the MKSC that underpins work,



a National Survey of People at Work in Ireland to hear what they had to say
about their Numerate Behaviour



A practical application of the Rasch Measurement Theory to add validity and
weight to the findings of the survey



a measure of Mathematics Invisibility calibrated in log-odds units, based on the
contrast between self-reported and observed Numerate Behaviour



an evidence-based protocol to align MKSC identified in work with the
provisions of the NFQ



a workplace contextualization of mathematics capable of differentiating
mathematics use in the workplace in two dimensions i.e. Complicatedness and
Context-Complexity,



an evidenced-based Workplace Context-Complexity Protocol to capture the
richness of the workplace context



a Subject-centric extension to Cultural Historical Activity Theory to help
explain the experience of “Mathematics Invisibility” when coupled with the
practice of mathematics, and



a proposed extension to the NFQ to recognize the complex properties of the
context in which often routine mathematics are used in work.

This research is both important and timely. It coincides with the introduction of
legislation to merge into one body, the several national agencies and authorities
amongst which the responsibilities for educational standards are shared currently in
Ireland, i.e. the Qualifications and Quality Assurance Authority of Ireland,
(Department of Education and Skills, 2012). This Government initiative is expected to
streamline qualifications standards, assessments and award processes and presents an
ideal opportunity to review and recast frameworks to meet current and future needs.
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1.1 Cui bono?
The output of this research has the potential to benefit individuals, their community,
society, industry, policy makers and providers of learning opportunities.
Individuals, by becoming aware of their MKSC, may review their self-perception of
‘not being a maths person’ and be encouraged to pursue their further development. They
need no longer transmit their mathematics related anxieties within and across
generations, and their wider community as though it were an inescapable, inherited
condition. Acknowledgement of their MKSC, may support the Recognition of Prior
Learning (RPL), and empower them in their work and elsewhere. Being aware of what
they ‘know’ in complex-contexts, as distinct from what they ‘do’ as commonsense, may
provide a platform from which to embrace, rather than resist, change. Individuals may
feel empowered to re-contextualize, rather than attempt to transfer, their MKSC to
enhance their employment mobility within and across industry sectors, and improve
their long-term employability prospects and self-esteem vis-à-vis mathematics and its
public image.
Employers, more accurately informed by the MKSC and Context-Complexity
requirement of existing, changing and planned jobs, may be more likely to recruit
suitably equipped personnel, and be better positioned to retain the accumulated
knowledge and skills of retirees. Providing learning and training opportunities, specific
to the identified need, could be a more efficient use of time and money. The capacity
to manage personnel who are better matched to the requirements of their job, and whose
potential to develop is leveraged by the company, provides fulfillment and satisfaction,
with a consequent positive effect on retention,

absenteeism and motivation

(McClelland, 1988). The application of Motive-centric and Subject-centric Activity
Systems Theory introduced in this work as analytical tools, Chapter 7, could offer
critical support for the implementation of ‘lean thinking’, Six Sigma and change
management strategies

for continuous improvement and in reaction to dynamic

markets.
Providers of workplace learning and training opportunities could benefit from a clearer
indication of the MKSC and the context-complexity in which they are required by client
companies.

In this way, the notion of work-experience can be represented on a

framework, indicating depth and range, rather than expressed in terms of industryspecific time served alone. Furthermore, being equipped with such an audience profile,
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they can adjust their content, pedagogy, examples and explanations accordingly.
The NFQ, augmented to account for real MKSC, deployed in real contexts, however
complex, may be a significant step towards the Recognition of Prior Learning (RPL)
achieved by informal, non-formal and tacit means. An NFQ extended in this way need
not be limited to mathematics alone, and could be elaborated for a wide range of topic
areas. In this way, individual workers, possessing highly-valued MKSC in complex
contexts, yet few or low level qualifications, may be perceived as viable candidates for
vacancies. Similarly, curricula and assessment methods could be extended to provide
exposure to workplace context-complexity in preparing students for their professional
futures.
Finally, the NFQ in Ireland is not unique in its academic orientation and potential
incompatibility with other than formal learning opportunities. The framework
augmentation suggested in this work could provide a lead for other similar frameworks
across the world. Establishing a model that correlates workplace MKSC with the
extended NFQ could make a contribution to enabling communication with European
counterparts, their national frameworks and facilitate worker mobility across industry
sectors, within the European Union and beyond.

1.2 The Author
The author is a latecomer to tertiary education, relative to the norm. His socioeconomic background is such that participation at second level was made possible only
by scholarship provided by the local City Council in the 1960s. Further education
thereafter was not a realistic expectation and was financially out-of-reach at that time. In
preference to the opportunity of a position with the Irish Government Department
responsible for taxation, he joined the shipping industry as a clerk, running errands and
collecting payroll information, while studying accountancy part-time. Within a few
years he had the responsibility for internal audit. The introduction of mini-computers to
small businesses in the early 1980s, saw him selected as having the appropriate aptitude
to train as a computer programmer guided by IBM. Promotion followed regularly over
the years, leading to his being responsible for IT systems design and implementation,
database design, IT network management, change management, quality management
systems management, culminating in a senior management position with responsibility
for the IT function in three countries, controlling a budget of several million euro.
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During this time, he availed of many training courses provided in response to
continually changing organizational and market conditions, each instance being
adequate to meet the demands of the situation, but none sufficiently complete for formal
accreditation.
In 2004, after more than 30 years working with the same company, he grasped the
long yearned-for opportunity to return to education, earning a first class honours degree
in ICT at Dublin City University, substantially delivered online. During this period, he
provided technical and accounting support to a community-based provider of what is
termed ‘second chance’ basic education, in a location that suffers severe disadvantage in
education, employment and opportunity.

Once it become apparent to him that local

men were very reluctant to address their learning needs, he developed and provided
classes in basic ‘computing for fun’ as a device to engage men and perhaps encourage
them to develop their literacy, numeracy and self-advocacy skills. At its peak, more than
70 men were attending some form of learning activity where previously there had been
very few.
Inspired by the ‘ahah!’ moments that regularly occurred in these classes, he resolved
to continue his own post graduate education. By fortunate happenstance, the Institute of
Technology Tallaght, Dublin made a scholarship available for a suitable candidate to
research mathematics in the workplace at Master’s level.

The coincidence of his

passion for mathematics, his appetite for learning and his extensive experience of more
than 20 workplaces proved to be sufficient for him to be selected from a panel of
applicants and enrolled in the Masters Register in November 2008. The work completed
in his first year was assessed as being of a standard as might warrant transfer to the PhD
Register. The application document to effect that transfer was completed and approved
independently in January 2010.
The synergy of these experiences places him in a unique position between the
workplace and academia. He brings extensive experience and deep knowledge of the
nature of many different kinds of workplaces and work practices. He is passionate about
mathematics and the transformative power of learning. He is keenly sensitive to the
barriers to progression presented by a lack of qualifications, and how an individual may
be confined by what they ‘do’, rather than able to exploit the liberty to re-contextualize
what they ‘know’ for their own benefit, their employment mobility, their community
and that of society in general.

9

1.3 Research Questions
The beliefs and attitudes concerning the role of mathematics in the workplace, its
personal and general relevance, its impact on vocational education and training, its
embeddedness in technological ‘black-boxes’, the apparent reluctance to learn
mathematics, and the quality of mathematical ability in the workforce are widely
documented, but nevertheless, under-researched.

Very importantly, much of the

existing research examines the apparent breakdown between the mathematics
curriculum and the real World, as though the expected re-elaboration of the formal
mathematics somehow fails to take place in encounter with the world of work.
Perhaps uniquely, this research examined workplace activity first, especially where
there was no overt display of mathematics. Then, looking more closely through
‘Mathematical Eyes’, reinterpreted the observed work practice and its setting to capture
the character of the mathematics upon which the worker relied, however unconsciously.
That such mathematics behaviour may be invisible to the individual may be problematic
for him/her. It may tend to confirm a self-perception of ‘not being a maths person’ and
may tacitly extend its acceptance to other family members and community, thus
providing a ready-made excuse for failure at mathematics that may not be tolerated for
other subject disciplines. Making such mathematics more visible in the formal terms of
the NFQ, may provide the evidence to enable individuals to recognize and acknowledge
their facility with mathematics and encourage further development.
The questions driving this innovative research are:
1. What mathematical knowledge skills and competence (MKSC) underpin the
different mathematical contextualisations in workplace settings?
2. How can the mathematics identified be best aligned in terms of knowledge skills
and competence with the National Framework of Qualifications (NFQ)?
3. What impact does MKSC invisibility have on the workplace?
While these research questions provide a broad outline of aims and objectives, a
more sharply defined focus is a necessary prelude to the systematic collection of
specific kinds of data (Mintzberg, 1979). Of primary concern is the characterisation of
mathematics indicated by the term ‘mathematics knowledge, skills and competence’,
and how they will be identified and measured. Furthermore, ‘contextualization’ here is
understood to refer to the essential themes and structures that locate experience in the
‘real world’, and provide meaning as people interact with them in a variety of social
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settings, including work (Huberman & Miles, 2002). That MKSC may be denied or
dismissed in some or many ways, indicates that they may be difficult to locate, calibrate
and make visible.
Traditional methods for identifying and measuring facility with MKSC are based on
the schools assessment approach in which mathematics problems are contrived to test
recall of a curriculum. To do so in the workplace would catastrophically compromise
the attempt to measure mathematics in work, instead transporting the individual to,
perhaps negative, memories of the school mathematics classroom (Maasz, 2005).
International surveys, while recognizing this likelihood, nevertheless attempt to design
curriculum-independent, ‘real world’ tests, which, despite the best of intentions, may
not reflect the actual MKSC that underpin the performance of an individual’s work.
This research took a different approach. Even though people may deny or dismiss
their use of mathematics, they may still behave in numerate ways that are underpinned
by MKSC, to solve problems or manage mathematics containing situations (PIAAC
Numeracy Expert Group, 2009). This concept forms the bedrock of the research
approach documented here insofar as it underlies the methodologies and instruments
developed to identify mathematics activity in the workplace, to describe its
contextualization, and to contribute an explanation for the impact Mathematics
Invisibility has on the workplace.

1.4 Methodology - Overview
This research was carried out over the years spanning 2009 and 2011, in 5 distinct
yet mutually dependent phases, Figure 1.4.1.
Phase 1: Exploratory Research, comprised 3 elements designed to produce an
approach to workplace research that was likely to elicit the required information. An
extensive Literature Review, continually revisited over the period of this research,
provided clarity of focus on the issues implied by the research questions. This informed
the selection of an appropriate research methodology to guide the conduct of the
research and highlighted the need to adapt and develop a range of tools and instruments
necessary to uncover the mathematics activity that underpinned work. These
components formed an Initial Research Plan that was sufficiently robust for field
testing. Crucial at this stage was the recruitment of an organization that was both
willing and suitable to host the Pilot Study to test the Initial Research Plan, and all that
that entailed.
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The Pilot Study was conducted in a small, self-contained provider of document
scanning services, employing 8 people engaged in a variety of processes and
procedures. The original research design comprised the application of workplace
profiling tools developed and adapted by the author, semi-structured interview, and a
background questionnaire followed by an observation of work in progress. Not all of
these instruments worked as well as expected in contact with the reality of a busy
workforce, performing simple tasks under the pressure of time and volume of work.
Looking at the Workplace through Mathematical Eyes – Research Plan Overview

Figure 1.4.1. Research Plan: Overview
A comprehensive review of the Pilot Study experience, resulted in a set of Refined
Methods, Instruments and Objectives that were more sharply aligned with the needs of
the research. The author decided that while an approach based on case studies alone, as
originally intended, had the potential to inform specific instances of workplace
contextualizations of mathematics only, the research would benefit from a more general
perspective. To this end, the research continued along two complementary strands viz.,
Case Studies for detail and depth, and a National Survey of People at Work in Ireland
for corroboration and breadth.
Phase 2: Information Gathering, comprised two elements conducted in parallel. The
‘Case Study X 4’ phase was notable for the difficulty of securing access to willing
hosts. After an intense effort, two companies agreed to accommodate the research
subject to a range of conditions required by both sides. The author decided to invite two
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suitable candidates from each organization to agree to be job-shadowed and to have the
accompanying discourse recorded for later transcription and analysis.
The National Survey of People at Work in Ireland was designed to probe attitudes
and beliefs around the awareness of, and the frequency of use of, mathematics in work.
The items were developed, field tested and improved by removing ambiguity. In
addition to demographics, survey items invited the respondents to express the extent of
their agreement or otherwise with statements about specific numerate behaviours in
encounter with specific mathematics domains.

The sample achieved was large in

relation to the resources available to this research, and ranged across the full spectrum
of mathematics education level, gender, and job skills level. In order to provide a
comparison between the self-reported numerate behaviour with that observed during the
case studies, the author completed a survey for each case study. The resulting pairs of
response sets offered the opportunity to gauge the extent of mathematics invisibility as
experienced by each case study participant relative to that which was observed by the
author, thus forming the basis of a measure of mathematics invisibility that could be
calibrated by reference to a scale suggested by this present work.
Phase 3: Identify Emergent Issues. There were several emergent issues relating to
how mathematics was contextualized in the workplace, the capacity of the NFQ to
recognize it, the incidence of mathematics invisibility and how it might be explained.
Phase 4: Enabling Strategies suggests and discusses a range of interventions,
instruments, protocols and extensions to existing frameworks to make a substantial,
novel and worthwhile addition to the study of mathematics in the workplace, how it
may contextualized and made more visible by being aligned to the NFQ.
Phase 5: A full report of the research scope, justification, benefits, methods,
outcomes, implications, the extent of the contribution it makes to the field of study and
the implications for further research are contained in this thesis.

1.5 Guide to Chapters
Workplace research is difficult to design, conduct and report, largely because of the
influence of factors beyond the control of the researcher. The necessary opportunities
did not arise in the optimum sequence, but had to be taken when they were available.
Some elements of this research occurred in parallel, some needed to be revisited as a
13

result of unexpected affordances and their inter-dependence. The following sequence of
chapters seeks to present the research in logical rather than chronological order.

1.5.1 Chapter 2: Literature review – Research Plan Phase 1
Mathematics in the workplace is under-researched relative to its importance.
Nonetheless, there is a substantial body of literature that bears on this topic. This
chapter reviews the research literature to find guidance where it is available, to benefit
from previous work and to frame the scope of this present work. It explains the
theoretical frameworks around which this work is built, and upon which it makes sense.
The process of granting of ethical clearance for the research to proceed is described.
This chapter concludes with the implications for this research and the methodological
challenges posed therein.

1.5.2 Chapter 3: Research Methodologies – Research Plan Phase 1
The reach of the research questions is such that no one methodology alone is likely
to be sufficient. This chapter explains the role of the BTCSR in encapsulating the range
of approaches that were adopted, adapted and developed for this work, comprising two
parallel strands viz., National Survey of People at Work in Ireland and Workplace Case
Studies.
The design, development and distribution of the Survey is given in detail, together
with a treatment of the Rasch Measurement Theory, and an explanation of how it was
used to authenticate the survey items and to triangulate the survey’s findings, achieved
by traditional methods. Accounting for the case studies includes selection criteria, and
argues the rationale for conducting the case studies in advance of introducing the
participant to the survey. The structure and functioning of the workplace mathematics
exploratory tools i.e. BAM, WPM and DTA are explained, as is the approach to
analyzing the accompanying case study transcripts.
This chapter concludes with an explanation of the evidence-based approach to
aligning the mathematics identified in the workplace with the provisions of the existing
NFQ.

1.5.3 Chapter 4: Case Studies – Research Plan Phase 2
This chapter is concerned with the gaining of access to the workplace in order to
conduct the research, meeting employers’ concerns and the precautions taken to harvest
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the maximum benefit without compromising the research site. It presents the BAM for
each host organization followed by the WPM and DTA for each case study. It illustrates
the alignment of the mathematics identified in each case study with the existing format
of the NFQ. There follows a discussion of the findings of the case study, job-shadowing
transcript and how they have been interpreted in this present work.

The chapter

concludes with a discussion of what appear to be incompatibilities between the NFQ
and the workplace such that obstruct the reporting of mathematics in the workplace in
all its richness and complexity, while at the same time, highlighting the need for a
broader based workplace information, such as may be gained from a survey.

1.5.4 Chapter 5: National Survey of People at Work in Ireland – Research
Phase 2
The exploratory, job-shadowing and alignment protocol tools, already reported,
were effective and designed to be portable in recognition of the uniqueness of each
workplace conditioned by the presence of individuals who are themselves unique.
However, the deeper focus provided by the case studies hinted at a broader range of
properties displayed in the workplace and supported the need for a wider perspective as
may be provided by a survey.
The National Survey of People at Work in Ireland data are presented in this chapter.
It reports on the frequencies and proportionality of various response categories and
suggests that mathematics use is highly visible to the individual when viewed through a
particular lens.

1.5.5 Chapter 6: Applying Rasch Measurement Theory – Research Plan
Phase 3
This chapter demonstrates a practical application of Rasch Measurement Theory:
Rating Scale Model, to corroborate the existence of a dimension, other than
mathematics complicatedness, in the context of work. It argues the usefulness of
transforming Ordinal data into Interval data, and how that might report the extent of
mathematics invisibility, as experienced by each study participant, along a scale
calibrated in logits. It reconciles the findings arrived at by traditional methods, and
offers explanations for their occasional incongruence. It concludes by highlighting some
of the deeper issues surrounding the relationships between adults, and their beliefs and
attitudes concerning the role of mathematics in their work
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1.5.6 Chapter 7: Emergent issues and remedies – Research Plan Phase 3
Thus far, the thrust of initial research questions have been addressed. The
mathematics that underpin workplace contextualizations of mathematics have been
identified and aligned with the existing NFQ. The impact of workplace mathematics
invisibility captured and measured, yet, other matters persist. This chapter uncovers the
texture of the mathematics in the workplace that is not accounted for in terms of
complicatedness alone and proposes an evidence-based contextualization for workplace
mathematics to include context-complexity, a framework within which it can be
identified and reported more fully,

the implications for the NFQ and offers a

perspective from which Mathematics Invisibility might be more understood.

1.5.7 Chapter 8: Contribution and Further Research – Research Plan Phase 4
This chapter summarizes the contributions that this present work makes to the
research community and the field of study. It recounts methodologies developed by the
author for identifying mathematics in the workplace, and aligning them with the
National Framework of Qualifications. It offers an extension to Cultural Historical
Activity Theory to account for mathematics invisibility and a method for measuring it.
It details a contextualization of mathematics for the workplace and suggests a protocol
with which it could be assessed, and it reflects on the practical application of Rasch
Measurement Theory for the first time in this field of study.
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_______________________________
Chapter 2:Literature Review

_______________________________
2.0 Literature Review
This chapter reviews the enfolding research literature to find guidance where it is
available, to benefit from previous work and to frame the scope of this present work. It
defines the kind of mathematics that may underpin work and why it is invisible. It
presents an explanation of how mathematics might be hidden by how it is done and
talked about. It describes the advantages of finding such mathematics and making it
visible by measuring it and aligning it with the NFQ. It explores how mathematics
ability is measured traditionally and whether those methods might work in the
workplace. It explains how the NFQ operates and how it could be used to make
mathematics more visible. The chapter concludes with a summary of the lessons learnt
from the Literature Review.

2.1 Mathematics
The term ‘Mathematics’ is commonly used in a broad range of contexts and
discourses, often without qualification as to type, purpose or level of difficulty, leaving
the reader / listener to derive its meaning from the context in which it is uttered. It can
connote particular collections of related concepts, tools, symbols and techniques
ranging from the most basic, graduating in degrees of complicatedness towards the
abstract and theoretical, concerned with the extreme frontiers of research and
development. Mathematics may be understood as an intellectual discipline, important
for its own sake, for the knowledge economy, for science, technology and engineering,
for the workplace and the individual citizen (Smith, 2004). In this context, mathematical
skill is much sought after for its power to place logical and critical reasoning at the
service of problem solving. It has been characterised as a field of study burdened with
a series of dichotomies viz., fallibilist or absolutist, authoritarian and separated or
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humanist and connected, abstract or realistic, thus affecting the ways in which it is
perceived by students and teachers (Ernest, 1995).
The term ‘mathematics’ can evoke recollections of school curricula and may be
accompanied by negative feelings and anxiety, rooted deeply in the early years
education and persisting beyond the classroom (Klinger, 2009). However, real life and
work situations are not neatly packaged and appropriately labelled as to the relevant
mathematical discipline which will provide solutions. Instead, workers approach
practical tasks with a broad range of skills, attitudes and knowledge including:


Situational (vocational and other) knowledge and skills, (in particular,
mathematical);



Meta-cognitive skills and strategies (e.g. critical thinking, planning, problem
solving and evaluating);



and Personal skills (Fitzsimons, 2002).

The mathematics of interest here is the

Mathematical Knowledge, Skills and

Competence that underpin and may be subsumed by the performance of work, as a
means to an end, external to its theoretical provenance (Fitzsimons, 2013) or means of
acquisition. They may be acquired in formal, non-formal and informal ways in response
to a work-based problem, and may not be encapsulated by a single convenient label that
is easily interpreted by reference to a curriculum.

2.2. Numeracy
For some, numeracy encapsulates a range of knowledge and skills needed to be able to
manage and respond to the mathematical demands of diverse situations (PIAAC
Numeracy Expert Group, 2009).

Common mathematical themes encompassed by

numeracy stem from van Groensteijn’s proposal in 2002 (van Groensteijn, 2002) , later
refined by Maguire as including, Quantity and Number, Space and Shape, Pattern and
Relationship, Data handling and Chance, and Problem Solving (Maguire, 2004), and
adapted for PISA 2003 (OECD, 2004) and following International Surveys. This
segregation of mathematical domains has been carried through to the official framework
in Ireland with which mathematics learning by adults is accredited at the lowest levels.
That one of the expected outcomes of this research is the alignment of workplace with
national frameworks, conditions the development of the NFQ-workplace mathematics
alignment protocol, and sets discussion regarding the utility of such domains to one
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side. ‘Mathematics’ and ‘Numeracy’ are sometimes used in the literature to describe
the same field of study (Fitzsimons, Jungwirth, Maasz, & Schloeglmann, 1997). The
latter has been differentiated from the classroom discipline and has come to refer to the
range of mathematical knowledge and skills that adults use in managing situations in
their everyday lives (NALA, 2004). Numeracy involves cultural, social and emotional
facets (Maguire & O'Donoghue, 2003), and enables effective participation, albeit
bounded by the context in which it is acquired (Evans, 2000a). In a dynamic world,
mathematical habits of mind i.e. discussing, sharing, challenging and reflecting, support
the individual in responding to change (Hoyles, 2008a), is an ever-present feature of the
modern workplace.

2.3 Mathematics in the Workplace
The notion of ‘workplace’ defies definition other than in the most general terms e.g.
being engaged in an activity, not necessarily dependent on time or place, for a
consideration which may be material or otherwise. Furthermore, the characterisation of
mathematics in the workplace, to the extent that it exists, is contested, being described
variously as techno-mathematical literacy (Hoyles, Noss, Kent, & Bakker, 2007),
functional

mathematics

(Wake,

2005),

embedded

in

technological

‘black

boxes’(Williams & Wake, 2007) or artifacts (Strasser, 2003). It is thought to facilitate
communication across mathematical language ‘genres’ through modelling (Wake &
Williams, 2007), be better described as quantitative literacy (van der Kooij & Strasser,
2004; Coben, 2009; Steen, 1997), or numeracy (OECD, 2008; Maguire & O'Donoghue,
2003), or realistic mathematics (van den Heuvel-Panhizen, 1998; Treffers, 1987).
Each of these characterisations offers a platform upon which to temper mathematics
learning and curricula design in preparation for life and work.
The proliferation of such similar terms seeking to nuance mathematical content,
tends to exacerbate the struggle to achieve shared meaning and some measure of
generalisation. More than ever, problem solving, spatial awareness, estimation,
interpretation and communication skills, are highly valued in the modern worker, as
being essential to support change, reaction and response (Expert group on Future Skills
Needs, 2009a; O'Donoghue, 2000), especially given the pervasiveness of ICT and
’black boxes’, whether technological or algorithmic.
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From the perspective of the individual, the MKSC that underpin work, whatever its
category, type or domain, may be dismissed as ‘just part of the job’ (Coben &
Thumpston, 1995). Skills deployed from a ‘commonsense‘ perspective may tend to
conceal mathematical ability rather than expose it for development (Coben, 2009). The
paradox that workers may deny their use of mathematics, while relying on them in
work, may unjustifiably extend the self-perception of ‘not being a maths person’.
To dismiss mathematical skills, rendering them invisible, poses significant
challenges for education and training programmes for want of a starting point, i.e. the
so-called ‘bootstrap problem’ (Klinger, 2009). This is problematic for the worker, since,
in the view of the National Development Plan (NDP) in Ireland, a lack of appropriate
MKSC can have a critical impact on a person’s continuing employability (NDP/CSF
Information Office, 2007). Longitudinal studies, conducted in the United Kingdom,
tend to confirm the correlation between low levels of numeracy and poor long term
employment prospects, socio-economic deprivation and wellbeing (Bynner & Parsons,
2005; Bynner & Parsons, 1997; Williams, Clemens, Oleinikova, & Tarvin, 2003). This
seems to be further underlined by the report of the Expert Skills Group in Ireland, that
persons with low levels of education are at the greatest risk of unemployment, only 5%
of all vacancies being for lower skilled jobs (Expert group on Future Skills Needs,
2009b).

Accordingly, the penalties attached to the absence or insufficiency of

mathematical knowledge, skills and competence are quite severe.
While the effect of the absence of MKSC and its being invisible to the individual
may be similar, an understanding of mathematics invisibility in the workplace may offer
the possibility of making it visible and available to the individual for development.

2.4 Invisible Mathematics in the Workplace
There may be several factors, as suggested in the following paragraphs, that interact
with aspects of the workplace in varying degrees and combinations unique to each
individual, that contribute to making invisible to some extent, the set of MKSC
deployed in work.

2.4.1 Perception
The widespread public image of mathematics is suggested by Ernest to be negative,
remote and alien to their personal and professional concerns and their self-reported
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abilities (Ernest, 1995). The self image of ‘not being a maths person’ leads to the
assumption that the work such a person does cannot involve mathematics, because if it
did, they could not do it. The MKSC actually used, is thought of as ‘all part of the job’
or commonsense – anything but mathematics (Coben, 2000a), thus rendering
mathematics content personally irrelevant and invisible. Such situations have been
termed ‘the relevance paradox’ i.e. where the social significance of mathematics coexists with its subjective irrelevance and invisibility (Wedege & Evans, 2006; Niss,
1994). Workers often fail to recognise or credit themselves with the mathematics
involved in work they are doing, denying it to researchers or dismissing it as
commonsense (Harris, 1991). Previous research suggests that the proliferation of
technology in the workplace has the effect of embedding MKSC in routines and
artifacts designed by others, tacitly learned, and frequently intertwined with associated
procedures (Hoyles, Wolf, Molyneux-Hodgson, & Kent, 2002). In this way, concealing
the MKSC content of work may construct and reinforce a discontinuity between school
understanding of mathematics and that which underpins workplace activity.
So-called

‘invisible

mathematics’

is

associated

with

ethnomathematics

(D'Ambrosio, 1985) and is considered to have several negative affordances. The
embedding of mathematics in a particular context, tends to confine the skills learned to
that context, causing mathematics to be always ‘out of reach’. It compounds a person’s
lack of confidence in their numerate abilities, and the perception that mathematics
appears as formulae or algorithm. Ideas of there being only one answer, and that it tests
powers of recall rather than its potential to investigate, evokes school experience and
can be transmitted as the received wisdom within and across generations and
communities. The mathematics skills that adults use outside school, are not perceived as
contiguous with their school mathematics and are thus fragmented and difficult to
transfer (Coben, 2000a), if not impossible, without some inter-discourse translation
(Evans, 1999; Evans, 2000a).
Research suggests that the employer, not being accurately informed of the numeracy
skills required by the job description, compounds invisibility, on-the-job training being
focused on what to ‘do’ rather than ‘need to know’.

These perceptions are often

normative, insofar as they reflect value judgments rather than demonstrable fact
(Marsick, 1997; Hoyles et al., 2002). Modern employers value in their employees a
command of multiple methods of problem-solving rather than a finite range of
algorithms suggested by formal school mathematics (Hudson, 2008). However, this
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present research has learnt that many workers are left to find their own ‘work around’ to
solve the problem at hand on the basis that “if you told them (Standard Operating
Procedures Management) you’d never get anything done”. In this way, the individual’s
visibility of MKSC pervades the informal, as well as the formal work practice. While
the workplace mediates the MKSC that supports artifacts, processes and procedures,
and how they are experienced by the worker, other subjective affecters can have a
significant impact on the person’s appreciation of their own MKSC.

For example,

reflecting on The Framework of Numeracy Concept Sophistication indicates that some
mathematical concepts may be unknown and invisible to the individual whose
numeracy development is located in the formative stage (Maguire & O'Donoghue,
2003).

2.4.2 Recency
The Recency effect, referring to the proximity of school completion, is recognised in
the ALL Survey 2003 (OECD, 2005), as accounting for an inverse relationship between
skills and age ascribed to all countries, with younger adults displaying higher level
skills, regardless of educational attainment. Older populations reflect skills lost over
time due to increasing obsolescence. The extent to which cognitive skills acquired
persist as time passes, appears to be dependent on there being opportunities to practise
those skills in the workplace, at home and in the community. It seems that the lack of
opportunity to practise skills accelerates their gradual obsolescence over time
contributing to the mathematics invisibility effect (Coben, 2005). Similarly, the
continuous repetition of routine actions, may tend to subsume MKSC content into the
performance of habit, and, with the attendant self-concept, compound its invisibility.

2.4.3 Habitus and Habits of Mind
Community and cultural factors e.g. the belief that mathematics is a male domain
(Chipman & Wilson, 1985) are thought to deter girls in the recognition of their
mathematics capabilities. The concept of ‘habitus’, in the sense of the patterns of
thought and behaviour, internalised from surrounding culture, social structure and
experience impinges also, not least because of its durability (Bourdieu, 1977; Wedege,
1999) and its power to excuse a lack of MKSC. Attitudes developed from a bad
experience with mathematics can persist over many years permitting negative attitudes
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to project across generations, compounding the ‘denial’ of mathematics ability in
oneself (Benn & Burton, 1993).

It has been asserted that a negative self-image in

relation to mathematical ability, promotes a commonsense explanation for any
mathematical activity displayed (Marr & Hagston, 2007). In contrast, more visible
mathematical habits of mind i.e. discussing, sharing, challenging and reflecting (Hoyles,
2008a) support the individual in adapting to change in work practice and facilitate
employability in the long term.

2.4.4 Language and Jargon
Language used to represent mathematical concepts and methods, enables access to
the mathematical discourse, and is crucial for the acquisition of mathematical
knowledge (Wake and Williams 2007). A person may use mathematical themes
idiosyncratically and with a locally appropriate vocabulary so that the disconnection
between the experience of learning about mathematics and what they actually ‘do’ with
the aid of MKSC, is deepened e.g. decisions in work are frequently based on likelihood
without it being associated with the domain of Data handling and Chance.

The

vernacular of the workplace, at the service of tacit and explicit learning, limits the
potential to re-contextualise formally acquired mathematical skills for deployment in
work, when mathematical terminology is absent.
Many workplaces are differentiated by jargon, defined as a specialised language
concerned with a particular subject, culture or profession. It may be characterised by
pretentious vocabulary or meaning (Summers, Brookes, Holmes, Gilmour, & O'Neill,
2000). It is mentioned separately here as language or slang applying to the workplace as
distinct from the language of mathematics, which, in some circumstances it may
replace, especially during ‘on-the-job’ training.

2.4.5 Training and Learning
The training provided in the workplace may have the dual effect of meeting the
skills required for specific ‘job’, and the enculturation of the worker, by providing the
opportunity to observe and practise the skills in situ, pick up the relevant jargon and
behaviour and gradually adopt the norms. In addition, the ease with which this occurs
tends to obscure that which has been acquired as though absorbed from the atmosphere
rather than a learning outcome (Brown, Collins, & Duguid, 1989). Training may be
23

more or less explicit, i.e. focused on routine rather than understanding and,
consequently, make mathematical content more or less visible. Familiarity with such
routines may cause them to be embedded in a complex fabric of activities that
constitutes the daily experience of work. Familiarity with one’s work-practice may
contribute to perception of workplace knowledge and skills as ‘commonsense’.

2.4.6 Commonsense
According to Cockroft, mathematical tasks, performed using the tools at hand (in
the workplace) become part of commonsense through frequent repetition (Cockcroft,
1982). Commonsense could be thought of as an accumulation of situation schemata that
gather with experience. When confronted with a ‘situation’, the human responds by
recalling previous, similar events in order to inform their actions (Colleran et. al. 2003).
Different individuals may experience the same event in different ways, and depending
on the cultural context, may collaborate to produce an achievable outcome (Colleran,
O'Donoghue, & Murphy, 2003). Commonsense is reported to be an innate human
characteristic which is motivated by the desire to behave intelligently. It is developed
and maintained by a cyclical guide to action viz., experience, analyse, decide, execute
(Colleran et al., 2003). It seems that the opportunity to reflect is deferred until a similar
experience arises in the future, at which time previous actions are reviewed for
relevance and selection as a decision support. It has been further described as a
collection of insights, accumulated by a community (or individuals within it) in a sociohistoric setting. Being motivated by purpose, it clings to the immediate, practical,
concrete and particular. The cultural context in which commonsense is expressed,
determines the conditions under which humans can interact to produce intelligent
actions and outcomes (Colleran et al., 2003). Because commonsense is practical, natural
and thin, it is thought to explain why mathematical skills are easily absorbed, and
concealed by it. It is practical in the sense that it guides intelligent behaviour. It occurs
naturally, though not in predictable proportions and is never finished. Its being thin,
refers to its amenability to reason, thus lending it resilience as a matter of belief, with no
explanation necessary (Geertz, 1993). Geertz further suggests that commonsense is a
pot pouri of disparate notions applied ad hoc, and therefore is in sharp contrast with the
rigorous application of mathematical methods. This assertion is challenged by
Lonergan’s Spontaneous Commonsense Cognitional Structure (Lonergan, 1957),
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adapted by Colleran, which illustrates the operation of commonsense. The idea that ’…
commonsense is something to be transcended rather than rejected’ (Gramsci, 1971),
inspired Coben to recognise the power of lived experience as an educative process that
could be harnessed by adults learning mathematics (Coben, 2000a).
That commonsense is not necessarily good sense (Gramsci, 1971), suggested the
possibility that lived experience and its powerful role in learning, could be exploited by
adults who wish to learn about mathematics (Coben, 2000a). Moreover, andragogy
(Knowles, 1990)

is said to differ substantially from pedagogy in the wealth of

experience that adults use as a framework within which to make sense, and eventually
commonsense, of new learning. Adults, as autonomous learners are used to achieving
their goals with means that have been

‘tried and tested’

by experience. However,

these established attitudes do not build self-confidence as learners, especially when it
coincides with negative experiences of school or other learning (Benn, 1997). In this
light, Coben considers that the notion of an imaginary number conflicts with the
commonsense learned from real experience, undermines the practicality of mathematics,
and in some ways, confirms perceptions of mathematics as irrelevant and useless.

A

key challenge facing adults learning mathematics is to transcend this commonsense to
make good sense by making the embedded mathematics visible to them as an initial step
towards realising their capabilities with mathematics (Coben & Thumpston, 1995).
Nevertheless, it seems that commonsense is a crucial life skill, developed
cumulatively over time, by direct and vicarious experience, in multiple social and
cultural settings, and supported by formal and informal instruction. It is plastic and
malleable, is used unconsciously, and without apparent concern for the genus of the
skills employed. It is a matrix of seamlessly interrelated resources that, being accessed
as a whole, renders its constituent parts, including MKSC, invisible and
indistinguishable from each other. Individuals may have the opportunity to develop the
depth and range of what they describe as commonsense, by virtue of their membership
of work groups and their status within them.

2.4.7 Group Status
Group status in the workplace, or within a Community of Practice, in the sense of
representing the degree of acknowledged expertise, may be consistent with rank or
authority, although not necessarily so. Division of labour may reflect status e.g. a
newcomer may display a particular facility with recently introduced artifacts, whereas a
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longer-serving worker’s knowledge may be rooted in experience and informed
judgement (Gal et al 2009:29). According to Wenger, a community of practice (CoP)
comprises 3 characteristics viz., domain, community and practice. Domain indicates
competence that is shared by and identified with its members. The idea of community is
exemplified by their joint enterprise, and facilitation of mutual learning. That its
members have resources, history, discourse, and problem solving methodologies in
common, encapsulates their practice and binds the community together (Wenger, 2006).
In this way, the CoP and the status occupied by its members may reinforce the extent of
visibility of MKSC in the workplace.
A CoP suggests a context within a context, which, at the same time, can be realised
across a wide spectrum of industry, e.g. engineers within a company may form a distinct
grouping, yet share affiliation with engineers in other industries. It displays external
characteristics e.g. image, artifacts, trade, skills, discourse, among others, and less
apparent features such as history, culture, values, beliefs and knowledge. CoPs derive
power from the ways in which they use their associated artifacts e.g. as gatekeepers of
resources.(Giddens 1996). CoPs that fail to evolve, effect their own gradual irrelevance
and ultimate demise. Maintaining a CoP’s currency, involves embracing and managing
change, adopting new technologies and developing new goals.

The process of

continuous change, can cause tension between the innovators and early adopters on the
one hand, and the more conservative traditionalists on the other (Wedege 1999) and
may restrict the introduction of new perspectives and innovations.
Joining a CoP is more than just gaining admission by passing a test. As a model of
social practice, this ‘apprenticeship’ period, which is often measured in years, may not
reflect the reality of the mathematics classroom (Lerman, 1998), compounding the
effective disconnection. Furthermore, a worker’s participation at the periphery as an
initial step in developing expertise tacitly and explicitly, gradually moving toward the
centre of activity, is recognised as an important way for people to enter a culture (Lave
and Wenger 1991). Peripheral in this context implies multiple and varying degrees of
engagement and inclusion, progressing to central or full participation over time. MKSC,
however extensively developed, may only gain currency when expressed in, and at the
service of, the work situation and at a time commensurate with the individual’s status in
the group. The point is that even though a newcomer to a group may have high visibility
of their own MKSC, s/he may not have ‘permission’ to enlighten his/her work
colleagues group until sufficient status has been awarded to him/her.
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In this way, it may be the structure of the group that permits MKSC invisibility to
persist and not the absence of relevant MKSC.

2.4.8 Artifact
MKSC have become embedded and therefore concealed in the workplace context,
characterised by routines, procedures and artifacts, designed by others, tacitly learned,
and frequently intertwined with associated procedures (Marr and Hagston 2007).
Artifacts are so-called to indicate construction by humans in order to effect some
desirable result. They may be hardware or software tools, language, symbols, skills and
knowledge, used with varying degrees of creativity, expertise and sophistication. They
may occur in the form of ‘tricks of the trade’, or ‘the way we do things around here’,
discourse, heuristics, algorithms, implements or badges of achievement and history
(Engeström and Cole 1997).
In many ways culture, whether individual or organisational, may be considered an
artifact. Workplaces, and groups within them, develop, maintain and display aspects of
culture particular to them. While not fixed in time or geography, culture exerts a
powerful influence on behaviour, habit and prejudice, and is not usually amenable to
rapid change. The domain of mathematics forms an integral part of many workplace
artifacts, especially when providing a platform to manipulate numbers, reason, problem
solve, communicate, interpret, identify patterns, estimate quantities, use shape, space
and capacity and assess probabilities. The provenance of these skills is not always
visible or obvious, considering the development of tables, formulae and algorithms and
their power to simplify. It seems that mathematical skills are resorted to only in nonroutine situations, when the expected flow is disrupted (Strasser, 2003). Strasser further
intimates that the development of highly sophisticated artifacts is gradually,
imperceptibly and progressively hiding mathematics from view. In an effort to facilitate
discussion of their significance, artifacts have been classified as primary, secondary and
tertiary (Wartofsky, 1979) , according to their use.
Primary artifacts are those that are deployed directly in the activity, though they may
require varying degrees of expertise to optimise their use. In the mathematics domain,
these are the tools of addition, subtraction, multiplication and division. Designating an
artifact as primary does not connote internal simplicity, but the directness of its
participation in production. A data encryption tool has the direct and sole purpose of
acting on its targets for example.
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Secondary artifacts are used in the preservation and transmission of the acquired
skills in which this activity e.g. data encryption, is carried out, indicating the variety of
ways in which primary artifacts may be used. The use of the same primary artifact in
several different ways and in different contexts, which may be moderated by traditions
and beliefs, denotes secondary artifact status, e.g. a ‘Rule of Thumb’. A secondary
artifact is exemplified by an algorithm underpinning a learning tool, which, while built
on primary artifacts, displays complex ways in which they are used in different
situations.
The mathematics employed to resolve conjecture, engaging the imagination,
producing creative insights, cohere with primary mathematical artifacts, may be invoked
by secondary artifacts and are therefore classified as tertiary. However, algorithms
developed to improve security, rely on tertiary artifacts and may be realised as an
encryption tool which is deployed as a primary artifact. Some computer games can be
described as tertiary artifacts (Strasser, 2003), because they engage the imagination of
the user and provide multiple outcomes.
Artifacts may occupy the role of instrument, under circumstances where the user has
achieved a degree of sophistication and a variety of uses referred to as utilisation
schemes. The passage from artifact to instrument is its ‘instrumental genesis’ (Strasser,
ibid) and is evidenced by multiple, demonstrable ‘utilisation schemes’.
It has been suggested that artifacts can be differentiated by their characteristics as
follows;
‘what’ artifacts describe objects
‘why’ artifacts diagnose and explain
‘how’ artifacts direct procedures within and between objects.
‘what for’ artifacts describe the purpose and expected outcome.
(Engeström, Miettinin, & Punamäki, 1999)

This analysis hints at the social relevance of artifacts and how they affect activity.
They are continually transformed in reaction to change in order to remain relevant.
Anthropology is testament to society’s impulse to redesign and re-engineer devices for
new purposes, developments which would seem to have been initiated by questions
such as why, how and what for. It would seem that the continuous development of
artifacts has the potential to absorb the underlying mathematics and initiating
justification, over time, to the point where the how’s, why’s and what for’s, are
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subsumed into the ‘fact’ of the artifact upon which a process depends. For example, the
weight distribution of cargo on a ship, once the work of a specialist taking the ship’s
design, ballast, loading and unloading schedules into account, is nowadays achieved by
a computer software application.
Continuing technological development, propelled by economic and competitive
need, fuels the pervasiveness of Information and Communications Technology. At once
occupying primary, secondary and tertiary artifact roles, consistent with the views of
Engeström, Miettinin and Punamäki,

and being omnipresent in social and work

activity, may contribute to mathematics invisibility in work.

2.4.9 Information and Communications Technology (ICT)
The automation of familiar processes in work, the community or elsewhere,
necessarily interposes some piece of technology between the human and their objective.
Whether the activity is withdrawing money from a bank or operating an industrial lathe,
the human is required to interface with computer hardware and manipulate a range of
options to achieve the desired outcome. Such is the impact of ICT in everyday life,
work and learning (DfEE and Moser 1999), that it has been classified as a ‘skill for life’
within the ‘Skills for Life’ strategy in the United Kingdom (Williams et al., 2003).
At its core, ICT is the recorder of a binary state, i.e. a single indicator can be set
either ‘on’ or ‘off’. Multiple indicators operate in concert, interpreted by Boolean Logic
(Boole, 1864) to represent objects. From this simple premise, complicated situations can
be replicated and manipulated to an extent limited only by the imagination. The
combination of electro-mechanical device and algebraic principles produces an engine
ideally suited to exploit the power of mathematics, invisibly in the background to
generalise, measure, explain, predict and imagine. It is this degree of flexibility and
adaptability that enables ICT to occupy simultaneously the roles of primary, secondary
and tertiary artifacts. Its ubiquity in society imparts to it a significant opportunity to
cross multiple boundaries. ICT can function as a nexus between contexts, establishing
familiarity, and providing a lattice of schemata upon which information can be
continuously re-contextualised. Nevertheless, ICT deployed in the workplace has the
potential to hide the underpinning mathematical principles and thereby imply that
numeracy is diminished in importance.
Many manufacturers prefer that their products operate as a directly applied, primary
artifact (Strasser, 2003), so as to protect intellectual property and to cultivate a lucrative
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dependency on the provider. However, Strasser also points to decision support systems
that permit ‘what if’ questions and in the process to ‘de-grey’ the so-called black box
(Noss and Hoyles 1996). This too is consistent with the notion of a tertiary artifact’s
role in developing multiple uses enabled, but not specifically anticipated, by the
designer. For example, the functioning of mobile phone technology depends on
trigonometric principles to establish and maintain a connection with the most robust
signal available. One of the many unanticipated affordances is the ability to locate a
specific device in time and geography in the cause of safety and crime detection. Its
mathematical underpinnings are a matter of indifference to the user. At the same time,
the competition between service providers is based on the components of service
packages, i.e. the terms and conditions surrounding contract options that vary in ‘free’
service elements included in a fixed regular price. The price/service offerings could be
differentiated by the application of simple algebraic techniques. In this case, higher
visibility of these techniques would enable the buyer to make more informed choices,
for their own benefit, making mathematics personally and economically relevant.
The design of ICT supported devices may be said to be guided by principles that
prioritise ease of use, the human – computer interface, ergonomics, fitness for purpose,
robustness and reliability. Rapid rates of development, competition and built-in
obsolescence, conditions the user to adapt to ‘new’ techniques, retaining elements of the
‘old’ to ease transition. Ease of use implies that the user need only be aware of the cause
and effect of the optional settings, very often providing a default to standard values.
The challenge for simple ICT devices is to guide the user through a transaction by
means of a sequence of graphical images, supplemented with text and sound. There is
no need for a training course, even though very sophisticated mathematics techniques
are required to achieve a ‘user friendly’, ‘easy to use’ device.
A study of technology in the workplace (Hoyles, 2008b) led the research team to
comment regarding

the irony of the negative correlation between increasing

mathematical sophistication of technology and the decreasing need for human
intervention. The transition from being deeply involved in the work to that of bystander,
disengages and de-motivates the worker, in turn exerting a negative affect on
productivity and retention levels. New generations of industrial processes bring new
knowledge requirements to the workplace that combine technical, mathematical and
literacy skills, coining the term ‘Techno-mathematical Literacy’ TmL, (Hoyles et al.,
2007). The TmL project has developed a series of industry specific process simulations
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as an interactive and fun learning environment. The students can experiment with cause
and effect and solve pre-set problems to deepen their understanding, engage their
interest thereby improving productivity and job satisfaction. Perhaps exposure to mobile
phone technology too is a boundary object since it introduces computing ideas e.g.
menus, options, folders, settings and controls into common usage and not confined to
workplaces.
That a piece of technology has complicated mathematical algorithms at its core,
does not necessarily pre-require a similar level of knowledge to master its use. Consider
searching the internet. Very complex processes are required to scan, categorise and
index every page on the World Wide Web, to interpret relevance to search requests and
to offer millions of valid responses. A rudimentary knowledge of Boolean logic
powerfully filters the results into more manageable proportions. This illustrates that
many situations require only low level mathematical knowledge to exploit services
underpinned by higher levels of mathematics.
Research in the United States of America (Packer, 1997) suggests that less than 4%
of the labour force of 125m, need mathematics training to high levels - similar
proportion to those whose work needs only the lowest levels. The implication is that
much of the mathematics curriculum is irrelevant to the careers of the students as it acts
as a gatekeeper of professions, where such proficiency is not used. The research goes on
to assert that the measure of need for a skill is a function of frequency of use and
criticality. All the while, the mathematical skill that students need for work and life are
neglected in favour of teaching techniques in a vacuum, devoid of practical application
examples.
There is some recognition that modern, high-performance work presents problems
that require sophisticated reasoning coupled with often elementary mathematical
operations to be resolved (Steen, 1997). Solving a problem in the modern context may
involve complex reasoning and logical thinking in order to reduce it to familiar
components, where perhaps only elementary mathematics are required to reveal a
solution (Pollak, 1997). Conversely, mathematical structures encountered
workplace may be simple yet require profound understanding and

in the

mathematical

thinking to develop a complete understanding of its meaning (Wake, 2005). It is the
capacity of ICT devices to embed mathematics in work practice that is of concern here.
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That the user need only be aware of the extent of their interaction with such devices,
leaving the technical specifics to the specialist, led to their being referred to as ‘black
boxes’

2.4.10 Black box
So-called ‘black-boxes’ are instances of a Primary Artifact (Wartofsky, 1979). The
term ‘black-box’, does not connote internal simplicity, but rather the directness of its
participation in production. It may require expert intervention to optimise its use. For
example, an algorithm may be served by ‘plugging–in’ the variables that are required to
generate a specific outcome, with little or no understanding of the mathematical content
or activity. The task to supply certain quantities, from specified sources, to feed an
algorithm for interpretation by another ‘job’, may require sophisticated mathematical
reasoning and processes of which the worker is unaware (Wake & Williams, 2007). It
may be argued that, rather than compounding mathematics invisibility, understanding
such algorithms could facilitate meaning making for the worker and enhance fulfilment
and reflect workplace culture (Hoyles et al., 2007).

2.4.11 Culture
The cultural context in which commonsense is expressed, determines the conditions
under which humans can interact to produce what might appear to be intelligent actions
and outcomes (Colleran et al., 2003). The culture of primary concern here is that of the
organisation as exemplified by the extent to which the worker’s awareness regarding the
integration of their work functions and specific outcomes, with that of the overall
objectives. Individual tasks that contribute to the achievement of a greater whole, may
lack meaning for the worker and, in the absence of instruction and information, may
partially or wholly, hide MKSC. The potential of these factors to contribute to
mathematics invisibility may be primarily and profoundly deepened by the individual’s
feelings of anxiety towards mathematics.

2.4.12 Mathematics Anxiety
Perceptions of oneself as a learner of mathematics, bundled in with perceptions of
difficulty, feelings of dislike and negative memories of the classroom contribute to
feelings of anxiety about mathematics (Reyes, 1984; Evans, 2000b). Mathematics may
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have been experienced as useless and even inappropriate when compared to the
student’s real world or ambitions. It may be a condition learnt from siblings or class
colleagues (Hembree, 1990) i.e. more behavioural than cognitive. Anxiety may have
been experienced early in the individual’s experience of school and still persist in later
life, expressed as low self-efficacy and lack of self-belief (Klinger, 2009).
It can be in reaction to anything to do with mathematics tests, or examinations,
thinking about a mathematics course or even related to money. It can be experienced in
3 dimensions viz., beliefs, attitudes and emotions (McLeod, 1992) and can reflect one’s
conception as to the nature and purpose of mathematics (Schoenfeld, 1985).
Furthermore, feelings of fear, anger, change of mood, that may be evoked by earlier,
perhaps painful memories, can interrupt the focus of attention and consequently
diminish cognitive processes (Simon, 1982).
Cognitive performance is thought to be affected by factors that are external to
oneself. The aspirations of others, their expectations, beliefs and attitudes can exert a
powerful influence, both positive and negative on a person’s appetite for mathematics
(Fennema, 1979). Three strata of orientation are also thought to affect an individual’s
ability to act in their own interest. ‘Personal agency ’ (Buckingham, 1995) describes an
urge to satisfy a personal ambition e.g. win promotion . Adopting a ‘masked agency’
occurs when appearing to be too competent would attract the opprobrium of one’s peers.
Especially in the workplace, ‘group agency’ may operate to encourage or deter
depending on organisational and personal factors. Even though a person may have
visibility of their mathematics MKSC and how it may be applied to work, they may be
reluctant to reveal it for fear of how s/he may be perceived, extending MKSC
invisibility in the process.
Attitudes developed from a bad experience with mathematics can persist over many
years permitting negative attitudes to project across generations (Benn & Burton, 1993).
Workplace recruitment and training procedures may benefit from recognizing the depth
of anxiety and reluctance to engage that some employees experience, in anticipation of
induction and change. Such a range of recognition may require adopting a different lens
through which the workplace may be observed.

2.5 Everyday eyes
This catalogue of factors that may exacerbate MKSC invisibility e.g. Language /
Jargon (Wake & Williams, 2007); Habitus (Bourdieu, 1977; Wedege, 1999), Training
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(Brown et al., 1989); Commonsense (Coben, 2000a; Colleran & O'Donoghue, 2007);
Group Status (PIAAC Numeracy Expert Group, 2009) (Lave & Wenger, 1991); Artifact
(Marr & Hagston, 2007; Strasser, 2003); Black-box (Hoyles et al., 2002; Wake &
Williams, 2007); Culture (Colleran et al., 2003) and Anxiety (Evans, 2000b; McLeod,
1992; Klinger, 2009), may operate in different combinations, varying from one
individual to the next, to obscure or deny such skills, however unwittingly. Just as
human vision perceives only a narrow spectrum of light, so too will many overlook the
mathematical concepts that pervade everyday work and life. Seeing things through what
might be called ‘Everyday Eyes’ gives prominence to what workers ‘do’, rather then
what they ‘know’, and may compound the self-perception of not being a ‘maths person’
and constrain the potential for adapting to change and maintaining continuing
employability Figure 2.1.

Recency
Habitus
Language /
Jargon
Training
Commonsense
Group Status
Artifact
ICT
Black-box
Culture
Maths Anxiety
Figure. 2.1 Mathematical Knowledge, Skill and Competence obscured by workplace factors.

In contrast, viewing the world through what might be called ‘Mathematical Eyes’
perceives problem solving, space and shape, pattern and relationship, data handling and
chance, in addition to quantity and number, Figure. 2.2.
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2.6 Mathematical Eyes
The concept of ‘Mathematical Eyes’, inspired by Amy Benedicty (Benedicty &
Donahoe, 1997) and developed by Maguire (Maguire, 2003; Maguire, 2013),
encapsulates the sense that humankind experiences the ‘real world’ everyday, which
incorporates many mathematical themes. Rather than being a separate, isolated,
absolutist (Ernest, 1995), classroom-bound phenomenon, the many facets of
mathematics are inextricably bound up with the real world, made visible once having
developed the eyes with which to see them.

Recency
Habitus
Language/ Jargon
Training
Informs and
Reviews

Commonsense
Group Status
Artifact
ICT
Black box
Culture
Maths Anxiety

Figure. 2.2. Visible Mathematical Knowledge Skills and Competence

Visible MKSC elements, enhance understanding of workplace factors and establish
a platform on which to adapt, change, innovate and create. Visible MKSC can be
exploited to develop situation specific mathematical procedures and know-how, as
reported by the PIAAC Expert Group (PIAAC Numeracy Expert Group, 2009).
Opening Mathematical Eyes is problematic, especially in the workplace where tasks
become interwoven into an amorphous whole i.e. the ‘job’. That mathematics could
become so inextricably bound up in one’s work practices as to be invisible presents
different yet interrelated problems for different stakeholders. Employers, for whom a
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profile of the skills requirement of a particular job overlooks the MKSC elements, may
struggle to recruit and train personnel. Workers that are mismatched to their jobs are
less likely to realise their potential, be positively responsive to change, and to obtain job
satisfaction which negatively impacts on retention and absence (McClelland, 1988).
Moreover, the tendency to dismiss such expertise as mere ’commonsense’ impedes the
Recognition of Prior Learning (RPL) (Coben, 2000b). Providers of workplace learning
opportunities are constrained in the design of programmes for the want of a starting
point, especially for topics that are not seen to be pertinent to the job (Klinger, 2009).
However, early work in this research suggested that the invisibility of mathematics in
the workplace may not be permanent and absolute, but temporary, depending on the
culture and history of the activity in which the individual is engaged and the language
that surrounds it (Keogh, Maguire, & O'Donoghue, 2012; Keogh, Maguire, &
O'Donoghue, 2013). In other words, the extent of mathematics invisibility experienced
by individuals in the workplace, may be a function of the way they engage in their work
activity and how they talk about it. An understanding of the former may be helped by an
exploration of Cultural Historical Activity Theory, whereas a study of Discourse may
account for the latter.

2.7 Cultural Historical Activity Theory
Cultural Historical Activity Theory (CHAT) is not so much a theory as a metatheory, and is widely used to illuminate the interdependent constituents of human
activity. CHAT, first graphically illustrated in the 1980s (Engeström, 1987; Engeström
et al., 1999; Leont'ev, 1978), could be viewed as the synthesis of Vygotsky’s Cultural
Historical Theory (Roth & Lee, 2007) and Leont’ev’s Theory of Activity (Leont'ev,
1978). While these two approaches are linked historically, they were developed
independently, the former prioritizing moderating artifacts, the latter, human agency.
From its origins in 1920s Soviet Russia, it has been adapted by researchers in a broad
range of fields of study including work (Engeström, 2001). Although latterly criticized
for its limitations (Vassilieva, 2010), CHAT may still retain the power to explore many
of the factors that influence human activity, including the use of mathematics in work.
While a complete provenance of CHAT, evolving through three generations, is beyond
the scope of this document, attention is drawn to Leont’ev’s Theory of Activity and the
Activity System as described by Engeström.
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2.7.1 Theory of Activity
A.N. Leont’ev’s Theory of Activity, was developed in the 1930s and dominated the
field of study until it began to attract criticism in the 1970s. Leont’ev regarded activity
as being “more precisely, that system of activities replacing one another …a transfer of
an object into its subjective form … into its objective results, .. its products … a process
in which mutual transfers between the poles, subject and object, are accomplished ”
(Leont'ev, 1978) (p.50, ellipses inserted by the author). In recognition that the “subject”
of human activity may comprise more than the solitary individual, Leont’ev introduced
the story of the “Primeval Collective Hunt”, in which he underlined the role of the
individual’s actions, as distinct from his/her unconscious automatic operations, while
engaged in group activities (Leont'ev, 1981).
As a metaphor for the modern workplace, the “Primeval Collective Hunt” tells of
the subtle distinctions between the constituent parts of collective human activity, the
people involved being joined in common cause for clothing and food. The desired
outcome is accomplished by assigning various roles to individuals, e.g. “beaters” to
drive the game toward the “hunters” who lie in wait. The “butcher” then skins the prey
for the “clothes maker” and harvests the food for distribution. The hunt participants are
drawn from a community who form and are formed by rules, both formal and informal,
and among whom the labour is divided. Though not depicted by Leont’ev, Figure 2.3
illustrates the components or nodes of group activity, now referred to as an Activity
System.

Figure 2.3. Activity System showing the mutual dependence of nodes (Engeström,
1987).
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An activity is instigated by a motive to fulfil a need perceived by a member or
members of a community which gives it meaning and orientates it towards an object.
Node
Subject:

Explanation
The individual or group whose point of view is taken in the
analysis of the activity

Object:

The target towards which the activity is focused

Instruments:

Internal or external mediating artifacts e.g. language, tools, signs,
symbols and procedures, including mathematics knowledge,
skills and competence, used to achieve the object and transform it
into an outcome

Community:

Traditionally, the people who form and are formed by rules,
culture and expectations, who give meaning to the motive and
from whom the participants are drawn, perhaps comprising a
Community of Practice. Advances in technology imply that
distributed networks and their applications / tools may be viewed
as collaborative communities also (Williams & Wake, 2007).

Rules:

Regulate actions and interactions within the activity system.
Rules, both formal and informal, form and are formed by the
Community

Division of
Labour:

How tasks are divided horizontally between community members
as well as referring to any vertical division of power and status.

According to Leont’ev, while the participants in the collective activity may share the
same motive, the actions they take are particular to their role and not, necessarily,
directly connected to the outcome, rather they are goal-directed. These actions comprise
components which, through repetition, form habits and are performed as automatic
operations. In other words, participation in an activity may be viewed by reference to
three levels of consciousness. At the highest, or most prominent, level are activities that
are directly connected to the motivation e.g. joining a hunting party for food and
clothing. The actions that the participant takes in pursuit of the object e.g. the role of
“beater”, are described at the middle level. The methods and tools the “beater” used to
alarm the quarry, and drive them towards the “hunters” are considered to be operations
performed, and moderated by local conditions, comprise the lowest level.
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In the modern workplace, the individual’s motivation, viewed at the highest level, is
concerned with earning an income by performing duties on behalf of the employing
organization e.g. the delivery and collection of goods. In this research, although selfdescribed (at the highest level of consciousness) as ‘only a van driver’, a worker
elaborated his actions at the middle level as comprising gathering the goods together,
loading transport, driving to the customers’ premises and using a handheld scanner to
record that the work has been completed. However, at the lowest level, the driver was
observed to devise an efficient delivery schedule for a number of customers, that took
into account distance, traffic, time of day, parking constraints, likelihood of the
customer being ready, estimation, decision making, code interpretation and retracing
events through an analysis of pattern and relationships to detect and solve a problem –
all as a matter of commonsense, or “just part of the job” (Coben, 2000a).
There seems to be a dynamic relationship between the actions at middle level and
automatic operations at the lowest level. Automatic operations, routinely and
unconsciously performed may rise to prominence, requiring a higher level of
consciousness, in response to an unexpected event or process breakdown. In case study
4, for example, a worker was observed to maintain a conversation while reprogramming dozens of flash memory devices, in un-interrupted sequence, until the
computer reported an error condition. The worker reacted by retracing each step in the
process with great care and attention in order to identify the problem. All other activity
was suspended until the issue was resolved, by the application of known solutions
featuring the use of patterns, relationships, code comparison, interpretation and spatial
positioning within a stream of hexadecimal characters. The next few cycles of the
operation were performed deliberately until confidence in the process was restored.
Only then did the work practice return to being automatically performed and the
conversation recommence. This episode suggests that the MKSC that underpin
automatic operations remain invisible until the situation demands that they be retrieved
and performed as actions, returning to invisibility once the crisis has passed. That they
may reside at the level of the unconscious tends to intensify their invisibility so long as
the activity system produces the anticipated outcome.
The recognition that few workplaces comprise a single, self-contained process,
inspired the continuing evolution of CHAT to account for more intricate systems of
activity.
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2.7.2 Interacting Activity Systems
Although the subject of current vigorous debate (Vassilieva, 2010), the Concept of
Activity System is expanding to acknowledge the reality that human activity is not
something that occurs in isolation. Rather it takes place in a social context and interacts
with a range of surrounding activities, the stability of which may depend on the extent
to which their common outcome is understood and shared, Figure 2.4.

Rules

Community

Labour

Labour

Community

Rules Labour

Figure 2.4. Two Interacting Activity Systems: aminimal model for the third
generation of Activity Theory (Engestrom, 2001) (permission to adapt
and reproduce applied for).
This representation of the minimal model for third generation CHAT, Figure 2.4,
draws attention to the role of shared outcome, as being crucial to the success of
collaborating Activity Systems, each with their own subject, and rules, driven by their
separate motives to transform an object into an outcome. For this reason, Figure 2.4
may be said to illustrate Activity Systems that are Motive-centric (Keogh et al., 2013).
Disciples of CHAT are currently defending the charge that it does not account
adequately for cultural diversity, creativity, and spiritual life, and that it
represents

merely

a stage in the progression towards personality and consciousness

(Vassilieva, 2010). As these issues concern the individual (subject) and the influence of
his/her habitus (Bourdieu, 1977; Wedege & Evans, 2006), the capacity of CHAT as a
unit of analysis for human activity may be sufficient for the purposes of this research.
However, several issues emerged from the conduct of this research which directly
impact on CHAT in its present form. These are addressed in Chapter 7, Emergent
Issues.

Nevertheless, the key point of CHAT is that MKSC may reside at the

unconscious level of automatic operations, only being brought to the forefront when
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necessary, may contribute to an understanding of the mathematics use/denial paradox,
i.e. denied or dismissed as commonsense in general, but readily recognised in specific
circumstances.
While each node of CHAT , i.e. artifact, rules, subject etc., may exert its own
influence on mathematics invisibility, this work now turns to the mediating power of
the way people talk about their work,

i.e. the discourse that has been adapted,

developed and maintained as the vernacular of the activity’s internal communications,
possibly serving to include some and exclude others.

2.8 Discourse
Such discourse as may surround workplace activity, may feature words, expressions,
references, abbreviations and acronyms, drawn from a common language, but bearing
meanings particular to the participating community. The presence of mathematics
concepts and ideas may not be acknowledged for activity theoretical reasons, but may
be referred to in ways that are coherent to the subject(s) of the activity system alone.
Bernstein provides a useful framework to support the analysis of discourse and how
knowledge is developed, accumulated and circulated, under conditions determined by
the segment in which it occurs (Bernstein, 1999). Developing an understanding of the
nature and substance of local discourse may contribute an explanation for the denial/use
of mathematics in workplace settings. According to Bernstein, discourses may be
differentiated by the structure of the knowledge it has been developed to support, and
the ways in which that information may be shared, excluding all but the initiated. This
view accommodates both formally and informally acquired knowledge, its structures
and their attendant specialized languages.
In the course of this research, it became apparent that workplaces are replete with words
and phrases that take on particular and local meanings. For example, what transpired to
be the function of optimising the available space in a warehouse in three dimensions,
was called a “Tetris job” referring to a 1980s computer game that invites the player to
fit the maximum number of irregular 2D shapes into a confined space and under the
pressure of time. In another activity, 15 digit codes were used to generalise, specify,
store, retrieve, forecast and communicate in a way that is inaccessible to the observer
without explanation or translation. It seems possible that mathematics activity, at once
invisible, unconsciously performed, denied through self perception, referred to in terms
understood by the activity system’s subjects/community alone, compounds the
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difficulty for the “outsider” (Williams & Wake, 2007), and may only be detected by
methods of enquiry capable of transcending these obscuring barriers. In Ireland, the
teaching and learning contextualization of mathematics reflects the curriculum framework
which presents mathematics, at the lowest levels of accreditation for adults, in terms of four
discrete domains viz., Quantity and Number, Space and Shape, Pattern and Relationship, and
Data handling and Chance. A fifth domain is introduced at higher levels to accommodate
Functions. The gaze of the mathematics researcher may be tempered by the formal mathematics
discipline by which it is formed and continuously re-formed, inhibiting his/her ability to
recognize mathematics activity in the workplace disguised as commonsense and unconstrained
by the ‘official’ framework.

In contrast, the prevailing discourse within communities may be characterised as
being local and specific in order to optimise interactions between persons and their
surrounding contexts. Each community is thought to comprise a “reservoir” of
knowledge, representing the sum of the individual knowledge “repertoires” of its
members (Bernstein, 1999). The extent to which knowledge is circulated is biased by
the social structure of the community and the structure of that knowledge. This chimes
well with the notion of the activity system being object-oriented and artifact mediated,
occurring within a community that shapes and is shaped by rules and among whom
labour is divided. However, admission to the community, especially in the workplace,
may also be constrained by formal and informal rules concerning status and access
(Lave & Wenger, 1991), which serve to confine the circulation of knowledge to the
“insider” and exclude the “outsider”, however s/he may be defined. In this light, the
encounter between workplace activity and mathematics research activity in keeping
with CHAT, is problematic for many reasons. The coincidence of activity systems i.e.
worker and researcher, differ from each other in almost every respect. The workplace
activity is designed and performed with the object of getting a piece of work done
repeatedly, in time, and to explicit specifications, whereas the researcher seeks to
uncover MKSC that is concealed in some way. The worker’s introspection may be
forced in response to enquiry or process breakdown and may be compromised.
Communication between work colleagues features truncated references which carry
loaded meaning for them but remain beyond the reach of the researcher. Explanations,
when given, are at best translations for the researcher, may be shrouded in fear and
suspicion of the “outsider”, and depend on the skill and willingness of worker to
articulate and the researcher to comprehend.
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The absence of shared object, shared discourse, knowledge structure, motive, rules,
and community, critically diminishes the likelihood of securing a common
understanding of the activity’s outcome. Much more so the identification and
calibration of MKSC being performed at the automatic, unconscious level. Prompting
underlying knowledge and skills to be raised from the operations level, carries with it
the risk of faltering explanation typical of revealing the normally hidden. Consider that
changing gear in a manual transmission vehicle is unconsciously performed while
driving, but explaining the complex interaction of parking break, throttle pressure, gear
selection and clutch release without stalling the engine, can be notoriously difficult.
Similarly, being invited to explain how a decision is arrived at, based on the balance of
probability, may elicit a response expressed in terms of experience and intuition e.g.
‘you just get to know’.
In sum, there are many background and foreground factors (Skovsmose, 1996) that
may bear on individual workers in unique combinations and degree. Workers encounter
their workplace, which itself is unique due to the confluence of organisational cultures,
history, ethos, processes and procedures, each of which may have several informal subversions, and the presence of other unique individuals. While the purpose at the core of
the workplace may be familiar and previously experienced elsewhere, the individual’s
accumulated MKSC may be further rendered invisible by the assimilation of actions,
processes and procedures designed to meet the particular requirements of the new
context without reference to underpinning knowledge and skills.
Against this background, the application of traditional methods of identifying and
measuring capability with mathematics would seem to face significant challenges.

2.9 Measuring Mathematics Capability
Many countries across the world have long recognised the value of being able to
compare and contrast their different education systems, their organisation and curricula
to inform policy making. The OECD has taken a leading role by conducting a series of
surveys concerning the literacy, numeracy and scientific attainment of children and
adults in its member and other countries. The PISA series focused on 15 year old
children in school, while the International Adult Literacy Survey (IALS 1996), Adult
Literacy and Lifeskills Survey (ALLS 2003) and the Programme for the International
Assessment of Adult Competencies (PIAAC 2012) addressed the adult population
ranging in age between 16 and 65 years. The Trends in International Mathematics and
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Science Study series (TIMSS), focussed on the effectiveness of teaching and learning
mathematics and science in children in the 4th and 8th grades in school. These
longitudinal studies provided the basis for comparison between countries competing for
global inward investment, to gauge the efficacy of pedagogical interventions, and to
inform policy makers. They also employed similar methods for measuring mathematics
ability.
2.9.1 PISA
PISA surveys occur in cycles of 3 years, and include an assessment of
‘Mathematical Literacy’, in which students are asked to extrapolate from their
mathematical knowledge and skills, learnt in school and to apply them to what are
considered to be authentic problems, situated in a variety of contexts. The test
comprises a series of questions that are thought not to be directly related to school
mathematics text books, but derived from them. Sample test items include calculating a
safe heartbeat rate from a table, or calculating the relative distances between town when
planning a holiday that is limited by a given maximum amount of kilometres (OECD,
2010). The development of test items for PISA is difficult as it strives to transcend
linguistic and cultural boundaries, in order to maintain a base-line from which
comparisons can be made.

However, this approach, rooted in the curriculum

assessment schools model, targeted at school-going teenagers, in multiple settings, does
not seem to offer a useful guide to the measurement of mathematics-use in the
workplace. To introduce contrived mathematics puzzles to the workplace would
necessarily interrupt work and change the context to something other than the normal
conduct of work and fatally compromise the basis of this present research.

2.9.2 International Surveys of Adult Literacies and Competencies.
Beginning in the early 1990s, the adult population of approximately 60 countries
have been assessed for comparison regarding their reading literacy, mathematical
literacy, and problem solving capability. While not all countries participated in all
surveys, the survey data provide a common basis for comparison between populations
over a period of 13 to 17 years. For example, Ireland participated in all surveys of
adults, except ALLS, on the grounds that not enough time had elapsed since IALS for
the impact of education interventions to inform policy makers. The format of
assessment echoed the schools’ model insofar as participants were invited to complete
tests that were designed to examine whether the adult could figure out the correct
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answer to a mathematical puzzle, in a contrived setting. Each successive iteration of the
surveys added a new dimension. IALS items were graduated in 5 levels of difficulty.
ALLS introduced the dimension of ‘complexity’ as a function of transparency,
distracters, and number and type of operations.

PIAAC, due to report in 2013,

introduced the idea of the numerate behaviour required to solve problems and manage
mathematics containing situations. Being international surveys, the item designers were
concerned to maintain equity across multiple countries, to retain comparison validity.
While similar to PISA test items, they were designed to be mathematics tests situated in
a range of contexts that might be ‘realistic’ for adults in a general sense, and
independent of culture, geography and curriculum.

2.9.3 Measuring Mathematics in the Workplace
Following the lead of international surveys to assess mathematics use in the
workplace in any absolute way is unlikely to succeed. Firstly, the research site would
be catastrophically compromised by catapulting the participant out of the workplace and
back to the mathematics classroom. It could stimulate memories about mathematics
learning and examinations in school that could range from positive to negative and
perhaps some measure of examination anxiety. It would test powers of recall of
curriculum and perhaps comment about the progressive deterioration of mathematical
knowledge and skills over time.

Most critically, such tests would be unlikely to

uncover the actual mathematical underpinnings of the individual’s performance of their
work.
Mathematics activity in the workplace is not conveniently packaged and signposted in
line with the mathematics framework, nor is it concerned with the pursuit of “deeper
mathematical understandings” (Fitzsimons, 2005). It may be hidden by a number of
layers of activity systems, their surrounding discourses, learning methods and, crucially,
the expectations, attitudes and beliefs of the worker (Keogh, Maguire, & O'Donoghue,
2010b). The extent of mathematics invisibility is a subjective experience, unique to
each individual and may be established by reference to a system of measurement and in
comparison to other workers. In addition, rather than identify and calibrate examples of
the application of overt mathematical operations as might be associated with
engineering or actuarial activity, this research observed what may be considered low
skilled jobs, where mathematical ability may be expressed as numerate behaviour.
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2.9.4 Numerate Behaviour
Numerate Behaviour is defined by the OECD Expert Numeracy Group PIAAC, as
responding to mathematics containing information, represented in a number of ways
(PIAAC Numeracy Expert Group, 2009). This work adopted; Identify, Evaluate, Act
upon and Communicate about, as the principal responses. Problem Solving, as an
enabling process, was omitted as it bears multiple connotations for the workplace. The
type of information evoking the numerate response may contain mathematics
characterised as belonging to one of four domains, viz., Quantity and Number, Space
and Shape, Pattern and Relationship and Data handling and Chance, as determined by
the official mathematics framework in Ireland. Functions, insofar as they may arise at
the level of this research, are thought to be adequately catered for by the Pattern and
Relationships domain. It is readily acknowledged that arbitrarily separating
mathematics concepts and ideas into sharply defined domains while convenient for
curriculum design in the short term, may ultimately obscure the connectedness of the
‘big ideas’ of mathematics.

At the same time, seeking to disentangle the role of

mathematics in the service of work, may benefit from an approach that breaks down
processes and procedures into their components, by identifying specific numerate
behaviours in conjunction with mathematics domains that are officially recognised
nationally and internationally. The exploration of the nature of Numerate Behaviour in
work was underpinned by two parallel and complementary approaches viz. case study
for depth and a survey for breadth.

2.10 National Survey of People at Work in Ireland
The National Survey of People at Work in Ireland was prompted by the absence of
relevant data from the field of study. Such workplace data as does exist, focuses on
employment levels, gender representation, permanency, rates of pay and contractual
matters by reference to industry sectors.

They are informed from the employer’s

perspective and as a statutory requirement. The survey reported herein, was specially
designed, tested and piloted, and administered by the author. It is the first of its kind in
Ireland.
This research enquires about the extent to which a person recognises the
mathematical knowledge, skills and competence that underpin the performance of their
job. That these may be ‘invisible’ varies in degree from person to person and may be
affected by a range of factors that are unique in combination and intensity. The role of
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mathematics in the workplace, although ubiquitous is not segregated as to type and
sophistication. It may be concealed by the surrounding artifacts, procedures and
practices in ways that challenge identification and resist exposure to closer scrutiny.
There is no universally accepted explanation for the cognitive strategies people use to
manage situations and solve problems in their daily lives. The ‘Growth of Logical
Thinking’ (Piaget & Inhelder, 1959), Mental Model Theory (Forrester, 1970), Mental
Logic Theory (O'Brien, 1998) Analogical Proficiency (Gustafsson & Mouwitz, 2008)
and Commonsense (Colleran et al., 2003) for example, variously contend that humans
dynamically access Integrated Whole Structures, or a body of stored schemata or some
innate capability in order to inform their actions. While it is beyond the scope of this
work to argue the relative merits of these propositions, there seems to be some
consensus that the underpinning knowledge, skills and competence may be subsumed
by other constructs, and become less visible to the individual as discrete components.
The introduction of tests to gauge mathematics ability may represent an intrusion
sufficient to violate the context and distort the meaning of test outcomes. Instead, this
research used a survey instrument, to canvass the beliefs and attitudes of people at work,
concerning their awareness of, and their frequency of use of, mathematics in support of
their work.
The survey is built around the construct of Numerate Behaviour in encounter with
specific mathematics domains, in order to facilitate a broad range of enquiry into
differently nuanced workplace situations. In addition to demographics, survey
participants were invited to report their Numerate Behaviour. The sample (449) was
large, relative to the resources at the disposal of this research, and drawn from a broad
spectrum of people in work. It provided a measure of corroboration for many of the
issues hinted at in the case studies and helped in the formation of the Workplace
Mathematics Content-Complexity Protocol, Appendix 6.2, which is a key contribution
of this research.
The intention to explore the possible impact of mathematics invisibility in the
workplace, may suggest that such invisibility is a binary condition; either a person
perceives, or does not perceive, the mathematics that underpin their work. More likely
is that people vary in their degree of mathematics invisibility. It may depend on what
the individual perceives as mathematics, possibly compounded by his/her selfperception of being a mathematics-capable person or otherwise.

It may be that

mathematics invisibility is a subjective experience, unique to the individual and able to
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be measured only in relation to something else (Keogh, Maguire, & O'Donoghue,
2010a). To this extent, the national survey offered a broader canvass with which to
make sense of the fine detail provided by the case studies.
The structure of the survey enabled the case study participants to self-report their
Numerate Behaviour. Informed by the exploratory tools and job-shadowing transcript
analysis, the author took the opportunity to report the Numerate Behaviour observed in
each of the case study participants. In this way, two perspectives of the same
individual’s Numerate Behaviour i.e. the self-reported and the observed, were
compared, to produce a possible measure of the extent of mathematics invisibility
experienced by each case study participant, Figures 6.34 – 6.42.
The intention to capture attitudes and beliefs around the utility of mathematics and
its relevance to the workplace, ruled out any meaningful possibility of gathering
quantitative or interval data. Instead, the participants were invited to indicate their
agreement or otherwise with a range of Likert (Likert, 1932) style statements, designed
to capture their opinions. In a separate section, they were asked to indicate their
frequency of use of mathematics across a spectrum ranging from ‘Never or hardly ever’
to ‘about every day’, on the basis that an empirical response would be unlikely to be
accurate. This design determined that the resulting data set would be ordinal, presenting
the challenge of how best to make sense of it.
It is common for researchers to assign numbers to response categories, in an
ascending sequence, in order to convert Ordinal data into the more familiar Interval
data, and to proceed to apply a broad range of parametric tests to establish validity and
reliability and to draw conclusions from the reported regression and correlation
statistics, e.g. Structural Equation Modelling.

2.11 Structural Equation Modelling
As its name suggests, Structural Equation Modelling (SEM) is concerned with
depicting relationships between variables, by modelling them (Schumacker & Lomax,
2010). It claims to test theoretical models, comprising interacting variables and to
hypothesize regarding the robustness of a construct. It calculates the strength of a
relationship between variables and the influence they mutually exert. It takes account of
measurement error and the effect of observed variables on latent variables to explain
and verify a model of sophisticated phenomena. The initial premise is that the observed
variables vary in relation to each other, and that a variance-covariance matrix can be
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derived for each measure by reference to the mean. This approach appears to be ideally
suited to testing the construct at the root of the National Survey of People at Work, and
to report on the power and relevance of the various observed variables. In this way, it
could be possible to identify causative factors and measure their impact, and, perhaps
make a statement about mathematics invisibility, Figure 2.5. The relationship between
factors and the influence they exert on each other is a function of their variance,
established by reference to the mean. The SEM model depicted below, suggests that a
comparative of the variances measured in terms of different kinds of Numerate
Behaviour, could be modeled in such a way as to quantify the extent of their response to
different Mathematics Domains, Figure 2.5.

Figure 2.5 Structural Equation Model of Numerate Behaviour and Mathematics
Domains

However, the robustness of SEM is predicated on the soundness of its variancecovariance matrix. Each element is measured in respect of the mean, implying that the
variable scale of measurement is Interval i.e. graduated in equivalent steps, such that a
score of 4 can be said to be exactly twice the magnitude of a score of 2. SEM can
tolerate Ordinal data on the basis of calculating Pearson’s polychoric correlation
between several ordinal pairs. Similar to the Mann-Witney-Wilcoxon statistic, this
approach is best suited to the comparison of ranks between groups, or homogeneity
between raters (Schumacker & Lomax, 2010). SEM cautions that ordinal scaled
standard errors and Chi Square measures may not be robust.
Cast in this light, the application of SEM as a means of interpreting the survey
findings would seem to require several assumptions, which may have a cumulative
distorting effect. Firstly, the survey does not seek to correlate the ranking judgements
of a single or several pairs of Raters, rather it values each response set as valid in its
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own right. Secondly, the assignment of ordinal numbers to ordinal response categories,
does not seem to produce interval data, as they merely record instances of assent (or
dissent) with one or many statements. Thirdly, taking the argument ad absurdum, were
the data to be equally divided between Strongly Disagree, and Strongly Agree, the mean
opinion would be grossly misreported as Neither Agree nor Disagree. Finally, the idea
that the worker is a unique individual, influenced by unique combinations of a broad
range of factors, behaving in numerate ways to solve problems and manage situations in
workplaces which are themselves unique, is not usefully served by a generalizable,
predictive model as may be produced by Structural Equation Modelling, and was
rejected in favour of alternative approaches as describes in 2.12.

2.11.1 Standard Interpretation of Ordinal data
The above notwithstanding, there remain few choices for dealing with ordinal data.
The most informative approach that requires least tampering with the actual response
data, is to report the proportions of responses in each category to each survey item. The
structure of the survey permits these proportions to be correlated with the categorical
responses elicited by the demographic dimensions, e.g. mathematics education level,
gender and so on. While much valuable insights can be revealed in this way, little is
offered by way of validation and reliability, unless the ordinal data can be reliably
transformed into Interval data, as is claimed by the Rasch Measurement Theory.
2.12 Rasch Measurement Theory
The Rasch Measurement Theory (RMT) is an item response theory developed by
George Rasch in the 1960s, on the premise that there exists an ideal measurement
instrument in the Social Sciences. However, this ideal is not always attainable, being
frustrated by incomplete construct definition and flawed instruments of enquiry. Of
several existing Rasch Models, the most commonly encountered is the Dichotomous,
which identifies uncharacteristic patterns of response in pass/fail tests. It is based on the
idea that the outcome of the encounter between a test item and a person, is a function of
the person’s ability and the item difficulty – nothing more. The probability of a correct
response increases in line with the extent to which a person’s ability exceeds the item
difficulty. The corollary is that the probable outcome is 50/50 when the person’s ability
and the item difficulty are exactly matched. When these responses are converted to
logits (Log Odds Units) as a measure of probable outcome, it can be seen that the
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increase in ability necessary to achieve an improvement from 85%-95% is more than
twice that required to improve from 25% to 35%. To this extent, Rasch has the
potential to identify not only that there is more evidence of a latent trait, but to indicate
how much more.

2.12.1 Evolution of Rasch Measurement Theory
The need for measurement in the physical sciences is well established. Many
variables can be directly measured to account for quantity and dimensions, and
manipulated to deduce other measurements, e.g. speed, density and displacement.
Measurements may vary in precision and accuracy depending on the technological
maturity of the instruments used and their effective operational range. The gathering of
data is thought to be rooted in the concerns of the State regarding population, property,
harvest, war and taxes, inspiring the coining of the term Statistik, credited to Gottfried
Achenwall in the mid 18th century. The desire to make sense of the volume of data, to
identify patterns and to make predictions, prompted the development of the
mathematical science of Statistics.

In a post-modern, more skeptical World, the

reliability and validity of statistical measures is necessarily underpinned by a substantial
body of mathematical techniques to demonstrate and assure confidence.
Over time, the emerging social sciences yearned for a similar body of empirical
instruments with which to measure, reliably, what could be directly observed and to
infer that which could not. The Psychometric Society was founded in 1935, Louis Leon
Thurstone, in his presidential address in 1936, making a strong plea to recognize the
mathematical underpinning for psychological research (Andrich, 2004). That it would
be considered a science seemed to depend on the development of a fundamental
measure, consistent with that of the physical sciences and amenable to such tests as
developed by Cronbach, Pearson, Spearman, and so on, to establish reliability and a
quantized tolerance for error. The advantage of traditional theory is that measurement
statements and quantitative laws are able to be taken literally (Michell, 1994). One of
the problems that challenged psychologists and their early scientific development, was
that some latent traits could not be directly observed e.g. intelligence, but may be the
product of other observable traits. The traditional method for dealing with a latent traits,
e.g. density, is to employ a conjoint measurement, by establishing the degree to which
each contributing factor i.e. mass and volume, effecting a measure of the latent trait. In
the context of Steven’s 1940s definition of measure i.e. to allocate numbers according
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to a rule, and seduced by the power of the statistical tools prevalent in quantitative
research, some social scientists ‘scored’ their observations by assigning ordinal numbers
to indicate the magnitude of their observations. It seems that the belief was then, and
still persists, that qualitative opinions could be transformed into quantitative values and
all that that implied. This approach has been devalued or dismissed as not good enough
(Ramsey 1975), incomplete and unready for arithmetic and a foolish practice (Wright,
1997), tending to mislead rather than represent. There seemed to be no alternative until
the 1960s.

2.12.2 Georg Rasch (1901 – 1980)
Seeking to relieve his poor economic circumstances, Danish Mathematician Georg
Rasch, turned to providing his expertise in statistics to the fields of medicine and
biology. He developed a mechanism for measuring reading ability, amongst children
with learning difficulties (Rasch, 1960). In a given text, he ascribed a level of difficulty
to each word, and then noted instances of ‘errors’ that occurred in reading tests. In this
way he derived the concept that the ability to read was the conjoint function of the test
item difficulty and a person’s ability. The item difficulty was indicated by how few
people ‘got it right’. He developed a dichotomous measurement model, which could be
used to make predictions about an individual’s likely success with a class of test items
and, given a test item, the class of persons likely to be successful, which proved to be
effective in that environment.
His second commission had to do with measuring intelligence in military personnel
which was providing contradictory results. By applying his recently developed
dichotomous model, he detected the inclusion of test items that were contributing to the
contradictions because, on closer examination, they seemed not to be measuring
intelligence construct. Having removed these items, the tests results improved, but
problems persisted, showing greater discrimination between candidates in items
encountered towards the end of the test.

An investigation revealed that the test

administrator was causing the candidates to speed up towards the end of the test period,
producing anomalous results. This episode laid the foundations for one of the
fundamental tenets of the Rasch Measurement Theory (RMT), namely, and somewhat
counter-intuitively, that the data should fit the model (Linacre, 2010). In addition, RMT
made the assumption of uni-dimensionality of the variable. For example, the person is
discriminated by one parameter alone i.e. ability, while the item is discriminated by
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difficulty, nothing more. A suite of Rasch Models followed based on the dichotomous
model and in collaboration with others (Wright, Andersen, Andrich, Linacre and
Masters) to address the polytomous models for Rating Scale, Partial Credit and Rater
Severity test environments.

2.12.3 Rasch Measurement Theory - Rating Scale Model
The Rating Scale Model is of particular interest here because of its applicability to
surveys that invite responses on a Likert type scale. Following Thurstone’s work in the
1920s, Andrich posited that the Thurstone threshold occurred between two response
categories, marking the point at which there is a 50/50 chance that the response will be
in an adjacent category (Andrich, 1978). This provided the opportunity to transform
ordinal scales into interval scales, on the basis of the probability, expressed in log odds
units, thus facilitating the arithmetical parametric tests that are familiar in quantitative
environments.
The availability of inexpensive powerful computing expanded the pool of statistics
software applications and enabled the type of iterative calculations that is now
commonplace for researchers in the physical and social sciences. Controversy soon
followed.

2.12.4 Controversy
The Raschian proposition challenged deep-seated beliefs that had gathered in
authority over the preceding 80 years. Traditionalists, exemplified by Goldstein,
objected in the first instance, to the idea of uni-dimensionality, claiming that it was
inappropriate to measure an individual in a test environment, when each was a unique
product of multiple dimensions, e.g. curriculum, teaching style, sequence and so on. It
was also argued that it was impossible to order the difficulty of items that would be fair
and equivalent for everybody, and to produce a ‘bank’ of test items could have
dangerous implications for the education system. In addition RMT was thought to be
deeply flawed by its inherent contradiction that items in a bank of test items, could be
replaced by other items as they became obsolete, while at the same time claiming that
populations taking tests comprising items selected from a pool of items, could be
compared over time, culture and language (Goldstein, 1979; Goldstein & Blinkhorn,
1982). The traditional view of the data set is that it is sacrosanct, even though it may
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challenge efforts to define the model that describes it best. More recently, the debate has
tended to depart from a discussion of the relative merits and technical underpinnings.
The Raschian view is that more than one parameter adds unnecessary complication,
serving only to provide an opportunity to manipulate data to minimize problems of
‘FIT’. The insistence that the data be made to fit the model would seem to be more
problematic, and counter intuitive. Social science research often presents ‘messy’ data,
which, being discarded from a traditionalist point of view is a violation of the data and a
convenience for the Raschian. As is typical in such situations, each ‘side’ promotes the
strengths of their own proposition, and, in the view of the author, may not be listening
very carefully to each other.
Firstly, uni-dimensionality is a key characteristic of obtaining an observation in the
social sciences by a survey instrument. It is key because the participant must be clear
about the variable being enquired about. The quantity of variables, each the subject of a
single item, may only be limited by their relevance to the latent trait, whereas the
quantity of items should be the minimum necessary for the purposes of the research.
Rasch models seek to establish a measure of something specific, and to include tools to
identify significant underlying traits or subscales, so as to identify items that are
understood in different ways by the sample. For example, a Likert stem that included
the conjunction ‘or’ e.g. ‘ do you like red or blue’ would be likely to give conflicting
results. In this light, uni-dimensionality is a guide to the precision of the items
comprising a measurement instrument, rather than a means of gathering data, for future
modelling. The existence of subscales may distort the response patterns and
compromise the outcome.
Secondly, RMT is not an end in itself, it is a set of tools designed to precede
analysis of data (Bond & Fox, 2007) p.263. It does this by reporting on the extent to
which survey items ‘FIT’ with the expected score, as derived from an analysis of all
responses to all items. FIT, in this case, testifies to the usefulness of the item in
informing the test. An item that fits too precisely is less likely to contain information
and should be discarded. This is commonly misconstrued as an exhortation to eliminate
data that is considered to be inconvenient. On the contrary, Rasch approaches data ‘FIT’
in three ways. Over-fitting data is thought to be too predictable, offering little in the way
of new information. Under-fitting data may be too unpredictable, exerting an undue,
distorting influence. However, the reported ‘Under-FIT’ statistic draws attention to the
structure of the survey item, rather than the nature of the responses. Items that are
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ambiguously or negatively worded are open to interpretation and tend to undermine
consistency. Data collected by flawed means may be tainted beyond repair, threaten
validity, and, being of no assistance in the analysis of survey data by any method, may
be properly excised from the data set. Finally, ‘FITting’ data, holds out the promise that
the items comprising the survey, are sharply constructed, consistently interpreted and
uni-dimensional (Bond & Fox, 2007).
FIT is an equally important concept to the traditionalists, but invokes different
responses. FIT is interpreted as an inadequacy of the model to account for outliers, and
so triggers the search for a better fitting model, which may be accomplished by
manipulating parameters. While this often results in better FIT statistics, it may present
other problems, and conceal faults in the data collection items.
While the controversy may have become confined to a handful of experts in both
camps recently, the author has chosen, in addition to reporting proportionality of
category responses in the traditional, to utilize the Rasch-Andrich Rating Scale Model
for the following reasons:


The transformation of ordinal scales into interval, probabilistic scales



The identification of non-performing, aberrant or poorly constructed items



Researcher triangulation



Opportunity for Differential Item Functioning (DIF) comparing self-reported
and observed Numerate Behaviour



Augment the proportionality reports permitted by ordinal, raw data.

The Rasch methodology features briefly in Chapter 3 because of its role in the
research methodology. Its contribution to the development of the survey and the
implications for its findings are discussed in detail, in Chapter 6. One of the key
contributions of the Rasch methodology is the possibility of measuring the extent of
Mathematics Invisibility experienced by the Case Study participants.

2.13 Measuring Workplace Mathematics Invisibility
That mathematics invisibility is particular to the individual, being unattainable,
always out of reach (Coben, 2000b), implies a tension between that which may be
reported to have been perceived in comparison with that which is available to have been
perceived. Measuring invisibility requires techniques that illustrate the differential
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functioning of self-reported compared to observed Numerate Behaviour as can be
provided by the application of the

Rasch Measurement Theory (Linacre, 2010)

techniques to Survey data. A complete discussion the survey conducted for this research
is provided in Chapter 5, while the Rasch Analysis is treated in Chapter 6.
Regardless of the individual’s visibility of their use of mathematics in work, s/he
may identify or locate, evaluate or interpret, act upon or communicate about
mathematics containing situations or problems.

By identifying the underpinning

MKSC, it may be possible provide a platform for making them more visible. There are
few options for highlighting the role of mathematics in work, especially in jobs where it
is likely to be less visible and/or dismissed as something else. The most promising route
would seem to be to use the existing frameworks in which all subject disciplines are
calibrated for level, depth and range as may be provided by the existing National
Standards Frameworks.

2.14 National Standards Frameworks
The National Standards Frameworks described below, were developed and are
maintained within the context of Ireland alone, although there exists a mechanism to
recognise qualifications obtained in other jurisdictions. The NFQ sets the standards to
which the provision and accreditation of learning must adhere. The Further Education
and Training Awards Council (FETAC) and the Higher Education Training and Awards
Council (HETAC) are responsible for implementing the standards set down in the NFQ,
and address different cohorts. FETAC services the needs of adult learners from levels 1
to 6, whereas HETAC is for all adults from levels 6 to 10. This present work is
confined to a description of the relationship between the NFQ and FETAC only, in
order to align the relatively low level mathematics identified in the workplace with the
formal provisions of the NFQ to achieve higher degrees of visibility. While Government
Policy to re-align the duties and responsibilities of all agencies involved in the
education system has been completed, this work takes account of the existing
frameworks and makes a contribution to its future development. That it coincides with
the national agencies and their relationships being in merged, adds substantially to the
potential impact of this study.
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2.14.1 The National Framework of Qualifications (NFQ)
The National Qualifications Authority of Ireland (NQAI, 2003), was set up in 2001
to establish and maintain the National Framework of Qualifications (NFQ), in order to
recognise and award qualifications based on standards of knowledge, skill and
competence acquired by learners. Launched in 2003, the NFQ enjoys growing national
and international support. Its structure offers a metric for achievement in terms of
breadth and depth, across all subject areas. The NFQ provides for 10 levels, ranging
from the Elementary or Foundation Level 1, rising incrementally through Levels 4 and
5, equivalent to the completion of upper- secondary school in Ireland. This is followed
by Level 6 indicating a post upper second level award often provided as a precursor to
university entry. Levels 6 through to Doctorate Level 10 are the concern of the Higher
Education Training Awards Council and are beyond the scope of this present work.
Each of the 10 levels is classified by major strands of which there are 3 viz.,
Knowledge, Know-how and Skill, and Competence. In order to provide finer grained
level indicators, these major strands are sub divided as follows:

Knowledge - Kind refers to its nature and quality and the manner in which it
accumulates.

New knowledge may be initially encountered as a concrete fact or

concept. The ability to make sense of new knowledge, contrasting it with, and drawing
on pre-existing knowledge indicates progressively higher levels of learning.

This

progression is characterised by the evolution of understanding from the concrete and
specific to the more abstract and theoretical.
Knowledge – Breadth progresses from levels 1 to 10 in degrees of
complicatedness, specialisation and diversity rather than volume. Knowledge that is
elementary in breadth is located at Level 1, developing incrementally to a broad
classification at level 5.

Thereafter, knowledge develops from being specialised

through to being considered substantial and in the forefront of a particular field of study.

Know-how and Skill
Know-how refers to the procedural knowledge required to carry out a skill. The
performance of a task, directed towards a goal, involving the manipulation of an artifact,
in interaction with the physical, social and informational environment provides
measurable evidence of a skill demonstrated with some degree of expertise. The know-
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how that underpins skill, may be inferred from its performance, and may be dependent
on declarative knowledge while it is being acquired. Evaluating the appropriate level of
Know-how and Skill requires consideration of the sub-strands of Range and Selectivity.
Skill – Range depicted by Level 1, indicates the ability to demonstrate basic,
practical skills and the use of relevant tools / artifacts. While Level 2 anticipates less
limited sets of skills, Level 3 introduces the use of cognitive skills and tools, including
social and cognitive processes. Level 4 characterises Range as moderate, whereas Level
5 accommodates a broad Range to include specialised skills and tools. Differentiation
between levels reflects the skill to use tools ranging from the commonplace to the novel,
in addition to the diversity and degree of completeness of the skills-set appropriate to an
area of activity.
Skill - Selectivity is a measure of a person’s ability to assess the skills demands of a
task arising in their environment and to judge whether it is within their capabilities.
Selecting and applying the appropriate tool from a range of possibilities, is an index of
the workers’ understanding of their environment and appraisal of the requirements of
the task. By definition, it is limited at the lower levels and typified by routine tasks
carried out under clear directions. Higher levels suggest the ability to deal with a
broader range of problems with increasing degrees of unpredictability, the application of
known solutions and the development of new ones.

Competence
Competence, especially in relation to workplace is a complex concept (Fitzsimons,
2002). It is sometimes used interchangeably with competency i.e. as an indicator of
skills performance and is task oriented. The NFQ makes provision for skills
performance, but uses the term competence to address a wider, more holistic concept.
The OECD defines competence as;
“ the ability to successfully meet complex demands in a particular context”.

Competent performance or effective action implies the “mobilisation of knowledge,
cognitive and practical skills, as well as social and behaviour components such as
attitudes, emotions, values and motivations”, according to the OECD report on The
Definition and Selection of Key Competencies (DeSeCo) 2005.
Competency on the other hand, is a conglomerate of knowledge, skills and attitudes
required to carry out tasks that constitute a particular profession. This is the view of the
Freudenthal Institute Report on the techno-mathematical (TmL) approach to educating
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for the workplace in the Netherlands (van der Sanden & Teurlings, 2003). In addition to
functional efficiency, professional activity involves planning, communication,
teamwork, problem-solving and the ability to assimilate ongoing learning. Since
workplace functions are constantly changing in response to market forces, so too will
the relevant competencies. Furthermore, DeSeCo (Rychen & Salganik, 2005) reports
that each competency is not used in isolation, that each context may require a
“constellation of competencies” that change in response to changes in technology and in
social and economic structures.
This is a more comprehensive view insofar as it reaches beyond the practical
application of knowledge and skill, indicating their creative and effective deployment in
human situations defined in terms of Context, Role, Learning to Learn and Insight.
Where the dimensions of context and role in the classroom are, by and large, fixed by
history and tradition, the workplace tends to be a more dynamic environment, especially
nowadays. Where the syllabus and assessment criteria are known, the measurement of
learning outcomes can be relatively straight forward. In contrast, the workplace varies in
response to, and in interaction with, a wide variety of influences ranging from the
personal to the organisational such that knowledge and skills assessed at one level, may
need to be augmented by different levels of competence across the following four
dimensions;

Competence - Context
Competence - Context is characterised by the complexity of human situations and
correlates with diversity. The contexts in which knowledge and skills may be applied,
are constructed by humans and may range from the simple and very structured at one
end of the spectrum to the highly complex and unpredictable at the other. There is
research suggesting

that many

‘jobs’ consist of quite basic mathematics being

deployed in complex situations, or that much complex reasoning is required before the
application of basic mathematical operations, exemplifying lower levels of knowledge
being deployed in ways that indicate higher levels of competence (Wadsworth, 1997;
Wake, 2005).
Competence – Role
The variety of Roles occupied by a worker may range from the simple, highly
defined and supervised, requiring lower levels of learning, to the diverse, volatile and
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unpredictable, requiring the application of social and leadership skills, associated with
higher levels of learning. Here too, more advanced, and perhaps multiple, roles may be
taken on by a person with elementary levels of knowledge, as evidenced by the ability
to adopt the appropriate role on joining a group whether simple or diverse.

Competence - Learning to Learn
Learning to learn is being able to recognise one’s limitations and taking the
appropriate measures to transcend them, within the structures provided.

To observe

and participate in new experiences, and by reflection, extract and retain new meaning
from them, while drawing on other stands of knowledge and skill, underscores the
relationship between learners and their learning processes. At the lower end of the
spectrum, potential learners may not attend to their learning needs because they are
unaware of their existence (Maguire and O’Donoghue 2003).
Competence – Insight
The levels of competence linked to Insight imply a scale of understanding and
consciousness developed by reflecting on experience and feedback from the general
environment. The ability to integrate other learning outcomes with one’s set of attitudes,
motivations and beliefs, enhances self understanding and promotes increasing levels of
autonomy in interaction with society.
The NFQ grid of indicators for levels 1 -5 is provided in Appendix 2.1. It should be
noted that the level descriptors use language such as, ‘narrow’, or ‘moderate’ or
‘containing some element of abstraction’ which leaves scope for interpretation. Here
too, it seems to be less problematic to design curricula to meet the requirements of the
standards frameworks, than to locate the standard for work that is actually being done.
On the one hand there is a clear path from standard through to curriculum, assessment
and accreditation. On the other hand, tracing the MKSC from identification, through to
originating subject discipline and standard seems not to be supported, neither in method
nor in capacity, to recognise informal learning outcomes. Accreditation for the formal
recognition of adult learning that occurs outside the ambit of schooling up to the ages of
18 years and that provided in Universities and Institutes of Technology is administered
in Ireland by the Further Education Training and Awards Council, although there are
some instances of overlapping responsibility.
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2.14.2 Further Education Training and Awards Council (FETAC)
The Further Education and Training Awards Council (FETAC) is the national
awarding body for further education and training in Ireland (FETAC, 2009). FETAC
has responsibility for standards of learning from Levels 1 to 6 on the NFQ. In setting
the foundations for mathematics learning, the primary school curriculum is themed in
terms of Number, Algebra, Shape and Space, Measures and Data (DoES, 1999). Since
2006, FETAC, in reclassifying Levels 1 and 2, continued this trend by adopting the
mathematics domains of Quantity and Number, Pattern and Relationship, Shape and
Space (including Measures), Data handling and Chance, and Problem Solving. The
FETAC standards seem to limit the scope of assessment to that of knowledge recall and
skills demonstration on a pass/fail basis, although knowledge breadth, skills range and
competence may be inferred.
FETAC has developed a wide range of modules for mathematics and other subject
disciplines, designed to meet the requirements for accreditation. These take the form of
a series of Significant Learning Outcomes (SLOs), particular to the topic or sub-topic,
and taken together, deemed to encompass all of the key concepts and techniques at a
given level. The learning provider has the liberty to construct appropriate curricula, but,
the final assessment is by reference to the SLOs. At the lower levels, assessment is by
Tutor Marked Assignments (TMA) and/or skills demonstration sufficient to provide
evidence of mastery of all SLOs, to enable the tutor to make an award in 4 grades viz.,
fail, pass, merit, distinction. At higher award levels, examinations are set to reflect the
SLOs and to assess students’ mastery as a precursor to an award. Quality is assured by a
‘read after’ inspection process which may revise the tutor approved award. Modules
may be taken singly or in groups, assessed and accredited separately, but must meet
prescribed completeness before an award is made.
FETAC makes provision for the Recognition of Prior Learning, by which
individuals may claim formal credit for skills of which they can demonstrate mastery.
Such claims are directed to an approved and subject-appropriate learning provider to
make an assessment and recommend an award. The individual may also be provided
with the opportunity to take on whatever additional learning is necessary to meet the
requirements of the full award (Further Education Training and Awards Council, 2009).
However, a basic tenet of this research is that people in work, especially in so-called
low skilled jobs, know more about mathematics than they think they do, and rely on it
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more often than they realise implying that their mathematics may be invisible to them,
to some extent and for a variety of reasons. The clear inference is that a person is poorly
placed to claim competence in an activity that is invisible to them, and may not initiate
the Recognition of their Prior Learning (RPL) without being aware of it.
Nevertheless, the RPL method of assessment being evidence-based may offer a route to
accreditation of knowledge and skills identified in the workplace, subject to being
sufficiently complete in the judgement of a tutor to warrant the granting of an award.
Chapter 3 discusses the methodology developed to incorporate this approach to
assessment of workplace-identified MKSC and describes the resulting evidence-based
NFQ alignment protocol. Traditional assessment methods favour the recall of
knowledge and the demonstration of skills from which competence is inferred or
assumed. Each successive level seems to be incremented in terms of difficulty to
understand and rooted in preceding levels, guided by the national standards frameworks
and implemented in formal learning environments. This is somewhat at odds with the
modern workplace where knowledge skills and competence evolve to meet a different
and rapidly changing set of demands. In such circumstances, it may be that complexity
of the situation takes precedence over the complicatedness of the mathematics deployed.
The contrast of complicated and complex seems critical when discussing the interface
between the knowledge, skills and competence featured in the workplace and that
associated with escalating levels that characterize formal accreditation.

2.15 Complicated and Complex
The terms complicated and complex are often use as synonyms even though they
can connote quite different things. For example, some aspects of mathematics may be
considered complicated meaning difficult to understand, whereas the interaction of
humans can be complex i.e. multifaceted and unpredictable. Complicated systems e.g.
an algorithm or electronic circuit may be intricate, and comprise many components, that
can be separated and reassembled precisely as before (Grootenboer, 2010). In contrast,
complex situations, comprise elements that may be simple and devoid of meaning in
isolation, but realise multiple possible and unpredictable outcomes when brought
together, becoming more than the sum of its parts. Furthermore, the components of
complex situations may themselves be complex, such as a weather system, where very
slight variations in a single element can have profound and unexpected outcome overall,
echoing Poincaré in the 1880s and Lorenz in the 1960s.
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There is no agreed definition of Complexity. Complex phenomena are thought to be
subjective, depending on the view of the observer (Casti, 1994), having the joint
property of the system and its interaction with another system. It has been said to
accumulate, especially in discourse, but impossible to capture due to the inadequacy of
operational definitions and analytical tools (Sfard, 2008). The human ability to develop
extreme complexity ensures its pervasiveness, such that it is necessary only to
determine the level of detail and relevant mechanisms to enable research (Holland,
1998). Furthermore, complex systems are adaptive, evolving over time depending on
the explicitness of its characteristics (Holland, 1995). That a complex systems have
many interacting dimensions, renders it unlikely to be measured by a single scale
(Mitchell, 2009). Complexity is thought to increase in line with the number of bits of
information involved, the variety of information and the number of ways in which it can
be arranged (Dodge, 2009). Grootenboer suggests that it is impossible to study any
complex phenomenon in the fullness of its complexity. The research approach typically
focuses on specific elements, and by ignoring others, diminishes the meaningfulness of
the findings (Grootenboer, 2010).
The modern workplace reflects many of the characteristics of complexity. There are
multiple interacting dimensions, comprising elements that are themselves complex,
populated by unique individuals, brought together in common purpose in a dynamic
environment, that is conditioned, supervised and supported by range of artifacts
including tools, language, processes, and rules, both formal and informal. Separately, its
components have little coherence outside their contribution to an eventual outcome.
The workplace may feature complicated elements that are difficult to learn and
understand, but may be described, disassembled and reassembled precisely. Although
capable of being performed separately, they derive their meaning from the system of
which it forms part. In this way, the workplace may be described as a complex system,
comprising both complicated and complex components i.e. individuals, relationships,
power, norms and so on, drawn together by disparate motives, working towards an
objective that may or may not be commonly agreed and understood, using artifacts that
may be complicated to some extent.
The notion of complex components constituting complex systems, led the author to
a fractal perspective of the workplace
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2.15.1 Fractal-like perspective the Workplace
In the mid 1970, Benoit Mandelbrot coined the term ‘fractal-like’ to encapsulate the
idea that the world is full of self-similar structures, which, while rugged at one level of
magnification, can display ever finer yet similar detail, in another. Following Coben’s
metaphor of Adult Education (Coben, 2002), this perspective reflected the author’s
experience in contact with the organizations that hosted the case study phase of the
research. To the un-initiated, an organization may appear to be an entity characterised
by a single culture, purpose and population of employees, engaged in activity to
produce goods or provide a service. Closer examination reveals that the organization is
divided into specialities, each with particular artifacts to support their activities,
governed by formal and informal rules, populated by a community, with their own
priorities, and self-images and expectations, such that may bring them into conflict with
other centres of speciality. A finer grained view uncovers that individuals, or groups of
individuals within a speciality may have developed their own artifacts, culture, selfimage, norms and so on, that do not necessarily share those of the speciality to which
they ‘belong’. Contemplating the individual brings unique factors to the surface which
are similar, but not identical to that of the group, within the speciality, within the
organization. The observation in detail of individual case studies gave rise to the idea
that the fractal perspective persisted through to the performance of work. Rather than
complete a series of tasks in an uninterrupted sequence from initiation to completion,
the worker continuously switched between a variety of activities, each differing in
aspects of artifact, rules, community, division of labour, status, and meaning. This
insight helped the author to form an explanation of the workplace mathematics
use/denial paradox and is addressed in Chapter 7, Emergent Issues.

2.16 Discussion
Following the research literature reviewed, the MKSC that underpins the different
contextualizations of mathematics in the workplace are hidden by the interaction of
multiple personal, organisational and cultural factors. Each instance of mathematics
invisibility is uniquely experienced by the individual, in encounter with each unique
workplace context. The consequences of such MKSC invisibility are severe and far
reaching, affecting the continuing employability and wellbeing of the individual, their
families and their community. Identifying such mathematics, measuring it for level of
difficulty, and making it visible in terms of the NFQ offers the opportunity to review
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and mitigate these consequences for the benefit of worker, employer, provider of
learning opportunities and society as a whole.
In order to achieve these outcomes, this present research faced several obstacles.
There was no mechanism to identify what constituted a ‘job’, the context in which it
was set, its boundaries and the mathematics that underpinned its practise. There was no
instrument to measure the mathematics activity once found, as to level of difficulty or
complicatedness. There was no method with which to align the mathematics with the
NFQ for heightened visibility and no means of identifying or measuring the impact of
mathematics invisibility as experienced by the individual in the workplace. The
Recognition of Prior Learning depended on individuals to initiate the recognition of
MKSC that they were unaware of, or dismissed as commonsense. Even then,
assessment of workplace MKSC is by reference to prescribed SLOs, some or many of
which may not be relevant to his/her work practise.
This present work now reports on the range of methods adapted, adopted, and
devised to Look at the Workplace through ‘Mathematical Eyes’ and to meet, not only
these challenges, but also those as emerged in the course of the workplace research.
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_______________________________
Chapter 3: Methodology

_______________________________
3.0 Introduction
The reach of the questions driving this current research is such that no one
methodology alone is likely to be sufficient. This chapter explains the role of the
Building Theory from Case Study Research (BTCSR) in encapsulating the range of
exploratory, information gathering and evaluative approaches that were adopted,
adapted and developed for this work, comprising two parallel strands viz., Workplace
Case Studies and a National Survey of People at Work in Ireland, as shown in the
Research Plan: Overview, Figure 1.4.1. This chapter explains the methods, tools and
instruments deployed in the Case Studies, and the role the Rasch Methodology in the
development and analysis of the Survey instrument and data. The Case Studies are
reported in detail in Chapter 4. The implementation and findings of the National Survey
are dealt with in Chapter 5. The application of the Rasch methodology for triangulation
and to underpin the measurement of Mathematics Invisibility is addressed in detail in
Chapter 6. The justification for the Case Study approach is presented in the following
sections. It includes case selection criteria and describes the tools and methods used to
uncover the MKSC hidden in the workplace. Their function is explained with the aid of
simplified examples. The Pilot Study is reported as are details of the lessons learnt. The
computer assisted strategies used for analyzing case study discourse transcripts, are
described. The chapter concludes with an explanation of the evidence-based approach
to aligning the mathematics identified in the workplace case studies with the provisions
of the existing NFQ, its implications for Mathematics Invisibility, and its ethical ethos.

3.1 Building Theory from Case Study Research (BTCSR)
This research work was guided by the ‘Building Theory from Case Study Research’
(BTCSR) methodology (Eisenhardt, 2002). In developing BTCSR, Eisenhardt drew
together work previously done on ‘Grounded Theory’ (Glaser & Strauss, 1967) and
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‘Case Study Design’ (Yin, 1984). The richness of detail anticipated from relatively few
cases studied, rather than being a weakness of BTCSR (Huberman & Miles, 2002),
supported within and across case analysis, comparison with enfolding literature, and
triangulation of multiple sources and perspectives. The BTCSR framework is
reproduced below, followed by a discussion of the relevance of each step to this
research.
Table 3.1. Eisenhardt’s 8-Step guide to Building Theory from Case Study Research
Step

Activity

Reason

Step 1
Getting started

Focus effort
Better grounding of measures
Retains theoretical flexibility

Chapter 1

Definition of Research
Questions
a priori constructs
No theory or hypothesis

Step 2
Selecting Cases
Chapters 3, 5

Specified population
Theoretical sampling, not
random

Constrains extraneous variation and
sharpens external validity
Focus on useful cases

Step 3
Crafting
Instruments
and Protocols
Chapters 3, 4, 5
Step 4
Entering the
Field
Chapter 3, 4, 5

Multiple data collection
methods
Qualitative data and
Quantitative combined
Multiple investigators
Overlap data collection and
analysis, incl. field notes
Flexible and opportunistic data
collection

Stronger theory grounding by
triangulating evidence
Synergistic view of evidence
Divergent perspectives

Step 5
Analysing Data
Chapter 4 , 5

Within case analysis
Cross case pattern searching
using divergent techniques

Familiarity with case data and
preliminary theory generation
Look beyond initial impressions seeing
evidence through multiple lenses

Step 6
Shaping
Hypothesis

Iterative tabulation of evidence
for each construct
Replication logic across cases
Search evidence for why behind
relationships

Sharpens construct definition validity
and measurability

Comparison with conflicting
literature

Builds internal validity, raises
theoretical level and sharpens construct
definitions

Chapter
7Emergent
Issues
Step 7
Enfolding
Literature
Chapter 2

Comparison with similar
literature

Step 8
Closure

Theoretical saturation when
possible

Speeds analysis reveals helpful
adjustments to data collection
Takes advantage of emerging themes
and case features

Confirms, extends and sharpens theory
Builds internal validity

Sharpens generalisability, improves
construct definition and raises
theoretical level
Ends iterative process when marginal
improvement becomes small

Building Theory from Case Study Research, adapted from The Qualitative
Researcher’s Companion (Huberman & Miles, 2002).
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This methodology provides a framework to discipline the conduct of this present
work. Each successive step builds on the strengths of its predecessor by drawing a sharp
focus on each aspect in turn. How it is implemented in this research is described in
detail in Chapters 3, 4, 5 and 6.
Table 3.2 Step1: Getting started
Definition of Research Questions
a priori constructs
No theory or hypothesis

Focus effort
Better grounding of measures
Retains theoretical flexibility

The BTCSR approach, in common with Grounded Theory, emphasizes the
fundamental role of data in deriving theory. However, there is a risk of being
overwhelmed by masses of data (Eisenhardt, 2002). While it is important not to preempt the research findings by beginning with even a tentative theory, an initial
definition of the research questions helped to specify suitable research host
organizations and the kind of data to be gathered systematically (Mintzberg, 1979).
Huberman and Miles, in acknowledging the difficulty of achieving a theory-neutral
starting position, recommend an early formulation of the research problem,
accompanied by a specification of potentially important variables (Huberman & Miles,
2002). The research questions are presented and discussed in Chapter 1.
Identification and measurement of the kind of data prompted by the research
questions, was facilitated by an a priori specification of the range of constructs and
frameworks that surround and impact this research setting. An appreciation of Numerate
Behaviour helped to indicate mathematics activity that may be otherwise hidden. That
mathematics knowledge and skills are segregated and formally accounted for, at the
lowest level of accreditation, argues for the role of mathematics domains, in encounter
with FETAC frameworks to be taken into account. The objective to make mathematics
visible invites inclusion of the NFQ with which academic attainment is recognized. In
other words, this present work operates in a setting that is shaped by a range of
constructs, i.e.:


Numerate Behaviour as a marker of mathematics activity that is otherwise
hidden in the workplace, Section 3.9.



Mathematics Domains as used by FETAC mathematics learning and
accreditation opportunities for adults, and to recognize their prior learning,
FETAC Module Descriptors, Appendices 3.4 – 3.14
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National Framework of Qualifications as a means of making MKSC
identified in the workplace more visible, Appendices 3.1 and 3.2.

Clear definitions of the research parameters at the earliest stage enhanced the
author’s ability to identify them and develop methods to measure them more accurately,
thus promoting the reliability of subsequent findings. As the fieldwork progressed, early
and tentative definitions of constructs gathered in degrees of relative importance and
were refined or withdrawn as the building blocks of theory, however unexpected, began
to emerge.
Thus focused with statements of the research questions and initial constructs, this
methodology paid particular attention to the process of selecting cases for their potential
to inform the study.
Table 3.3 Step2: Selecting cases
Specified population
Theoretical sampling not random

Constrains extraneous variation and
sharpens external validity
Focus on useful cases

The research questions located the population of possible cases in the workplace by
referring to ‘contextualizations of mathematics in the workplace’. The qualification of
‘underpinning’ implied a subtle, rather than overt mathematics activity. Consequently,
case studies were selected for their potential to inform the research on the explicit basis
that they did not display obvious mathematical properties and characteristics. The
selection of host companies was conditioned by the availability of very few
organizations willing to allow the author unconditional access to the workplace. In total,
four case studies, were undertaken in this present work, two jobs being located in each
of two host organizations, and are thoroughly described in Chapter 4. Theory building
from case study typically features data gathering by multiple methods, in anticipation of
the potential benefits. The case study participants gave their permission to be ‘jobshadowed’ while they were engaged in their work, and for the accompanying discourse
to be recorded for later transcription and qualitative analysis.

Table 3.4 Step3: Crafting Instruments and Protocols
Multiple data collection methods
Qualitative data and Quantitative combined
Multiple investigators

Stronger theory grounding by triangulating
evidence
Synergistic view of evidence
Divergent perspectives
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In addition to the depth of information harvested from the case studies, quantitative
and qualitative data were gathered by way of a National Survey of People in Work in
Ireland, Chapter 5. The principal criterion for the selection of survey participants was
that they be currently employed or recently unemployed. Both manual and electronic
versions of the survey were provided, but there was no mechanism or intent to control
for any other variable. The qualitative nature of the data gathered by the survey
produced a data set expressed in an ordinal scale, presenting particular problems for
establishing validity and reliability. While the traditional approach is to report
proportionality, the author sought triangulation from an alternative analysis paradigm,
i.e. Rasch Measurement Theory: Rating Scale Model (RSM). Although the subject of
some controversy amongst those taking a more traditionalist stance, RSM seemed to
offer the prospect of transforming ordinal data into probabilistic interval data, and all
that that implied for data analysis. The implementation, collection / analysis, findings of
the Survey derived by traditional methods are reported in detail in Chapter 5. The role
of RSM and its influence on the structure of the National Survey is explained briefly in
Section 3.12.1. Full details of Rasch Methodology regarding the development of survey
items, their final selection, and its application, interpretation and reconciliation with
traditional methods are presented in Chapter 6.
Validity is a key concern of any research effort. This refers to the quality of
credibility, completeness or confirmation associated with the findings and argues in
favour of ‘triangulation’ i.e. developing multiple instruments for data collection and
interpretation from multiple sources. The methodological triangulation made possible
by multiple data collection methods, as are present in this research, is thought to
provide substantiation of constructs and hypotheses, strengthened by their collaboration
and mutual corroboration (Eisenhardt, 2002):14. Silverman counsels caution here, with
the suggestion that simply to aggregate data does not necessarily arrive at an overall
‘truth’. He further asserts that achieving the ‘whole picture’ anticipated by using
multiple methods “is an illusion, which speedily leads to scrappy research based on
under-analyzed data and an imprecise research problem” (Silverman, 2000):99.
Notwithstanding such arguments, this research seeks information not only on what
people say, but also what they do in context, since a substantial part of their activities
may not be visible to them both from the perspectives of relatively few individual cases
and those of a large sample achieved by the survey. The combination of the application
of exploratory tools to uncover mathematics ‘hidden’ in jobs, in conjunction with
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observation, examination of accompanying discourse and the survey findings, did not
anticipate the epiphany of an ultimate ‘truth’. Instead it sought to build a theory
concerning how MKSC are contextualized in selected workplaces and in so doing,
recognized the potential information value in a variety of data sources.
The small size of this project, together with a limited financial budget precludes the
benefits of using multiple researchers, e.g. group creativity, corroboration and enhanced
confidence. However, the preparation for, and conduct of, this research was closely
supervised by Dr Terry Maguire, Institute of Technology, Tallaght Dublin, Ireland and
Professor John O’Donoghue, University of Limerick, Ireland. Furthermore, the design
of the research programme, instruments and protocols, may support similar workplace
investigation in other jurisdictions and may provide ‘researcher triangulation’ from
multiple and diverse perspectives (Denzin, 1970) in the future.
In contrast to other research methods, the analysis of data is not considered to be a
‘post fieldwork’ process alone. The following subsection describes one of the unique
features of the BTCSR approach which makes it such a powerful tool in this type of
research.
Table 3.5 Step4: Entering the field
Overlap data collection and analysis, incl. field
notes
Flexible and opportunistic data collection

Speeds analysis, reveals helpful
adjustments to data collection
Takes advantage of emerging themes and
case features

Building theory from data is a dynamic process and must be guided, but not
confined, by the constructs and expectations defined at the outset. Innovative research
must provide for and respond to unanticipated or even partially concealed events, which
may only become apparent after analysis has taken place. By collecting and analyzing
survey data in parallel, the author detected emergent issues which extended beyond the
parameters of the initiating research questions (Huberman & Miles, 2002) and informed
the analysis of the survey and case study data accordingly. These emergent issues are
discussed and addressed in Chapter 7: Emergent Issues. Field notes in this case took the
form of the audio recording of the discourse that accompanied the job-shadowing
activities, providing the opportunity to record an impression immediately in addition to
whatever might emerge from the sifting and interpreting of transcripts which occurred
later.
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Table 3.6 Step5.1: Data Analysis - Within case analysis
1. Within case analysis
2. Cross case pattern searching using divergent
techniques

Familiarity with case data and preliminary
theory generation
Look beyond initial impressions seeing
evidence through multiple lenses

A painstaking collection of clear and logical data, in terms of highly refined
constructs, by the investigation of carefully selected cases, drawn from a specified
population, depending on rigorous analysis, as featured in this present work, lies at the
heart of BTCSR (Huberman & Miles, 2002). The process of producing several different
kinds of data, e.g. detailed job profiles and constituent tasks, affective conditions and
transcripts for each case study, enabled a deep familiarity and insights to develop
(Pettigrew, 1988). In this way, rudimentary theory began to emerge from patterns that
appeared to be unique to an individual case, while prompting questions to probe
possible differences between cases whether based on hunches, anecdotes or informal
observations, and across-case comparisons.
Step5.2: Data Analysis - Search for Cross Case patterns
The temptation to single out seemingly ‘telling’ episodes that may be especially
vivid to the researcher, tends towards premature and prejudiced conclusions that are
trimmed of inconvenient and disconfirming evidence (Nisbett and Ross 1980). While
such ‘telling’ moments occurred, the risk of ‘jumping to conclusions’ was mitigated by
looking at the data in more divergent ways viz., the workplace context. For example, the
accidental misreading of a location code when searching for a document in a warehouse
is immediately detected and corrected, with the cost of wasted effort only. In contrast,
an error in reading a code when re-programming flash memory devices, may not be
discovered until it is received by the destination customer, having passed through
several intermediaries, over several thousands of miles. The consequential cost of return
and replacement together with possible damage to reputation and customer relations,
may be substantial in comparison to the document location code error. In this present
work, comparing a pair of cases, by indentifying similarities and differences caused the
researcher to begin to differentiate them in subtle yet important ways. Resolving such
apparent dissonance provided grounds for validation and allowed important patterns to
emerge, adding substantially to the importance of this research, Chapter 7: Emergent
Issues.
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Table 3.7 Step6: Shaping hypothesis
Iterative tabulation of evidence for each
construct

Sharpens construct definition validity and
measurability

Replication logic across cases

Confirms, extends and sharpens theory
Builds internal validity

Search evidence for ‘why’ behind relationships

As data collection and analysis activities continued in parallel, the evidence from
disparate sources converged to refine the definition and measurement of several relevant
constructs and emergent issues.

Testing the logical relationship between data and

construct that persisted across cases helped to highlight that, while the initial research
objectives had been met, they did not fully account for the contextualization of
mathematics in the workplace. Furthermore, it shaped the ways in which the NFQ and
CHAT could be extended to make a substantial and novel contribution to the field of
study, Chapters 7 and 8.
Table 3.8 Step 7: Enfolding literature
Comparison with conflicting literature

Builds internal validity, raises theoretical
level and sharpens construct definitions

Comparison with similar literature

Sharpens generalizability, improves
construct definition and raises theoretical
level

The uniqueness of these research outcomes is underlined by the paucity of literature
on the matter. That this research is built on existing literature exposed several lacunae
and made suggestions as to how these gaps may be bridged. The imperative to bring this
work to a conclusion in a reasonable timeframe implies that not all aspects of this
research are claimed to be exhaustive and pursued to their absolute limit, but to a point
that may be sufficient to inspire new research efforts that may confirm, confound or
extend the findings of this work. There is no expectation of generalizability as an
outcome, other than to provide frameworks upon which the uniqueness of the
individual, their interaction with their work and the underpinning MKSC may be more
fully reported and made visible. That the frameworks and protocols offered could be
elaborated to accommodate other subject disciplines adds to their feasibility and value
to the research community.
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Table 3.9 Step 8: Reaching Closure
Theoretical saturation when possible

Ends iterative process when marginal
improvement becomes small

Data collection and analysis ceased when its ability to inform the research
diminished to the point of being negligible. Limiting the scope of this work to the
exploration of 4 case studies and the analysis of 449 survey-participants, represented a
prudent use of the resources available to the author. Bringing this work to a conclusion
within a reasonable timeframe was crucial, especially since the national standards
authorities and frameworks were in a state of flux while their reorganization and
alignment continued at Government level. That instances of MKSC uncovered in
support of low-skilled, low-paid jobs occurred at the lowest levels of complicatedness is
not surprising. That there is little recognition or discrimination of the circumstances in
which low level skills are deployed is a key finding of this work and is the subject of
Chapter 7: Emergent Issues.

3.1.1 BTCSR - Weaknesses
The weaknesses that are said to attend building theory from cases may be
summarized as follows:


Risk of capturing everything for richness of detail at the expense of simplicity
and perspective



Volume of vivid data may diminish overall sense of proportion



Emergent theory may be narrow and idiosyncratic



May be difficult to generalize.

(Huberman & Miles, 2002)

By recognizing these potential weaknesses at the outset, they have been mitigated
and used to test validity. For example, the richness of the detail captured, served to
support within and across case analysis and informed the refinement of constructs. One
of the objectives of this work is to suggest a model by which mathematics
contextualizations may be identified and benchmarked with existing frameworks. The
expected vividness of data gathered, tested the instruments and protocols used, and
provided for improvements and increased efficacy. The depth of the case study data,
augmented by the breadth of survey data presented a balanced platform from which to
identify and fill theoretical lacunae.
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However, as generalizability is neither a realizable nor anticipated outcome given
the diversity of workplaces, this work sought to contribute data collection methods and
instruments that are portable within and across business sectors. Thus informed by
reliable data, the BTCSR approach progressively developed interpretative framework
interface protocols that can be applied consistently to reflect workplace MKSC in terms
of the NFQ. In this way, the MKSC skills associated with an existing or planned ‘job’,
recruitment and learning, whether formally or informally acquired / provided, can share
common standard reference points. The guiding influence of the BTCSR framework on
the research is reflected in Phase 5 Research Plan Overview, culminating in the
identification of emergent issues, the development of enabling strategies and a fuller
report, Figure 1.4.1. However, the encounter between the research plan and the reality
of the workplace, presented substantial difficulties.

3.2 Workplace Research Environment
In the modern workplace, skills deployed in the performance of work lie at the
kernel of a number of encapsulating layers, each exerting its own influence to hide,
wholly or partially, the underpinning MKSC. Businesses comprise chains of activity
that are triggered in different combinations. Activities encapsulate work practices,
which themselves are a combination of tasks, normally considered to be a ‘job’.
Underpinning a ‘job’ is a collection of knowledge, skills and competence, the
mathematical content of which may lie under the cover of a range of factors, whether
internal, external, personal or contextual, Figure 3.1.

Figure 3.1. MKSC surrounded and concealed by multiple layers.
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Not only are MKSC obscured from the view of Management and Operator alike,
albeit in varying degrees and combinations, the performance of the tasks upon which
they rely, are buried deeply within organizations. References to a job usually denote a
person, engaged in work practice alone or in concert with others to maintain workflow
from initiation to completion. In seeking to make MKSC visible, this research must
find them in the first instance, guided by an awareness of how they might be hidden.
The author devised an approach that would methodically profile the structure of the
organization and strip away the occluding layers in the sequence in which they were
encountered, to separate combinations of business activities and to identify their
constituent jobs. Then, by setting boundaries to a specific job, make explicit the precise
component tasks. Thus exposed, the MKSC underlying the tasks, were classified as to
mathematics domain, level of difficulty and situational factors, and benchmarked with
the NFQ in order to communicate about them. This required the author to develop of a
series of exploratory tools to untangle the challenges presented by each layer in order to
identify a ‘job’ and break it down into its parts. These tools were designed and piloted
during the Exploratory Research Phase of the Research Plan Overview, Figure 3.2,
(extract from Figure 1.4.1).

Figure 3.2 Exploratory Research Phase to identify, develop and test research
tools

3.3 Research Host Organizations
The author’s home institute, The Institute of Technology Tallaght, Dublin (ITTD),
has cultivated extensive partnerships with the local business community, by the
provision of professional development opportunities tailored to meet the needs of the
Pharmaceutical, Electronic and Mechatronic industries, as well as Business
Management, Computing and Marketing qualifications at post-graduate level. Initial
contacts with companies recommended by ITTD, revealed that the opportunities
available to conduct research were restricted to their technical or management activities,
and as such, were unsuitable for the purposes of this research for reasons that are
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connected to the mathematics use/denial paradox. Apart from the well documented
putative factors contributing to mathematics invisibility in the workplace, this research
suggests that the existence of overt mathematical activity in a company, say, in
engineering or design departments, sets up the dichotomy of ‘maths’ and ‘non-maths’
departments. In other words, where mathematics is easily visible and associated with a
particular department or type of job, all other activity is reinforced as involving
commonsense or anything but mathematics.

Since a basic tenet of this research

approach is that mathematics underpins different contextualizations of work, and that it
might be invisible to a greater or lesser extent depending on the individual, necessarily
directs the research to contexts where there is little or no prima facie evidence of
mathematics activity. That the research methodology described here manages to identify
and calibrate MKSC that is out of sight, argues in favour of its efficacy in circumstances
where mathematics activity may be more apparent.
Recruiting suitable and willing hosts proved to be very difficult. However, one of
the advantages of a relatively long career in industry is the author’s extensive
professional and personal network, among whom were the proprietors of two substantial
commercial enterprises. Both individuals offered access to their workforce, subject to a
few conditions that they thought necessary, given the prevailing fear and trepidation
around job-security due to the surrounding economic turmoil at that time. The host
employers required it to be made clear to the employees that:


the research was not initiated by them nor motivated by any cost-cutting, or
efficiency programme,



the host organization was supporting the author in his on-going education
only, and



employees’ participation was voluntary and confidential, and would not
impact on their employment status in any way.

The author further undertook to comply with the company’s health and safety policies
and practices.

3.3.1 Pilot Study
Following an extensive review of the pertinent research literature, Chapter 2, the
author conducted a Pilot Study comprising three site visits over a period of four weeks.
The host site is a wholly self-contained subsidiary of a larger group of companies, and
is engaged in creating images of approximately 1 million documents per week on behalf
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of a relatively small client-base. The work is completed by 10 people, in both full- and
part-time employment, supervised by a manager and his assistant. Despite its superficial
simplicity, there were a number of conditional subroutines in response to customers’
Service Level Agreements (SLA) that added complexity. The Pilot Study documents are
reproduced here in a simplified form to illustrate the function of the exploratory tools,
Figures 3.4 – 3.7.
On first arriving at the company’s premises, the author was brought to the ‘operations’
department, introduced to the staff in the vicinity, and given the opportunity to make the
reason for his presence clear. He thanked them for their generosity of time and patience,
and briefly outlined that the research was concerned with the skills used in the
workplace, intentionally avoiding the use of the term ‘mathematics’. He underlined that
he may invite a few people to participate at a more detailed level, but that it would be on
an entirely voluntary basis, and that their permission could be withdrawn at any time.
Meeting the conditions set down by the host companies, seemed to allay the fears and
suspicions of the Trades Unions and employees.

3.3.2 Test Cases
In a semi-structured interview in his office, the manager provided sufficient detail about
the company to enable the development of Business Activity Model (BAM) sketch,
which was corrected and confirmed at subsequent meetings. The author was then given
the freedom to talk to the workers while at their work, to gain insights into their
processes and procedures. Apart from management and administration, there were four
activities from which to choose viz., document sorting, preparation, scanning and a
specialized service that converted microfiche tape to digital optical format.

The

individuals who agreed to participate were provided with information about the research
and asked to signify their informed consent. They were then asked to complete a
questionnaire regarding their background, before the job-shadowing could begin, but
this seemed to put them on edge. The plan to conduct a semi-structured interview failed
at the first hurdle. The work environment was very noisy such that dialogue was
difficult. The manager offered his office as a quiet space. However, as most interviews
in the manager’s office had to do with recruitment, performance review and discipline,
the author decided that it would not be a suitable location for open and frank discussion.
Furthermore, since the scanning operations were sequential and interdependent, the
absence of the worker from their post for an extended period would have an immediate
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impact on productivity. Since the workers had daily throughput-targets to meet, such an
interruption could not be contemplated as it could negatively affect their livelihoods.
Using a recording device seemed to make the worker self-conscious and perhaps a little
inhibited. That it was a relatively large dicta-phone type, limited in time and battery life,
caused the author to check it repeatedly, which in turn reminded the worker of its
presence and perhaps extended their unease.
It became apparent that there was some incongruence between workers’ description of
their work practice, and what the author observed. For example, one individual said
that the documents provided by one customer in large volumes, pertaining to many
different suppliers, were sorted by reference to the company named on the document. In
practice, these documents were sorted by size and colour, and by membership of
different trading groups, the details of which were ‘common knowledge’ but not
formally recorded. When the documents were sorted by reference to name only, it was
in the alphabetical sequence of the letters as they occurred from left to right, which
contrasted with the more common lastname/firstname alphabetical order.
Nevertheless, sufficient information was gathered to test that the WPM and DTA
concepts would function as effective devices for capturing the underlying MKSC, in
addition to recording the sense of conditionality that surrounded their decision making.
There were examples of ‘known’ problems which occurred regularly, and for which
there were ‘known’ solutions. When these solutions did not resolve the immediate
problem, it was escalated along a continuum that ranged from the physically closest coworker, through to the colleague who was by consensus considered to be the ‘expert’.
There existed a number of informal procedures, not officially documented, that had
evolved through experience and shared on a peer to peer basis. Even in a highly
mechanized and automated process, there still existed the need to keep a manual
customer/throughput matrix that was a key performance indicator. There were also a
number of checking routines implemented by the employees to compensate for
shortcomings in the scanning software.

3.3.3 Lessons Learnt
While many of the prototype exploratory instruments performed to expectation, the
experience of the Pilot Study enabled the author to refine the original research approach.
The initial inclusion of a semi-structured interview was abandoned on the grounds that
it was not feasible and would change the research locus by drawing the worker away
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from their post. The equipment used to record the conversation was replaced by a more
discreet digital device with the capacity to operate over an extended period.
Furthermore, the outcome of the semi-structured interview embedded in the
conversation that accompanied the job shadowing, revealed little or nothing about the
experience of mathematics invisibility. Instead, the author conceived the idea of a
national survey of attitudes and beliefs around the role of mathematics in work, to
establish a broader basis for hypotheses. The idea was that the case study participants
self-report their perceptions of their MKSC by means of the survey instrument. Post
case study, and informed by observation and discourse, the author’s perceptions,
reported using the same survey instrument, in anticipation that the contrast between the
self-reported and observed response sets would offer the possibility of a measure of
mathematics invisibility.
It became very clear that work practice had elements about which the worker was
almost completely unconscious, until asked to explain the thinking that led to action.
There seemed to be the ‘official’ description of work that co-existed with the actual, and
that processes and procedures were supplemented by habits and routines, developed in
the workers’ own interest, resulting from their own experience. In one particular case,
the manager admitted that he knew the inputs and outputs of a specific job in detail, but
not how it was performed, in as much as he would not be able to train a replacement.
The ‘black-box’ or artifact between the input and the output, was the detail and the
sequence of the tasks performed by an individual to transform microfiche sequential
analog film, into a digital, randomly accessible image stream. This insight led the author
to revise the exploratory approach to amend the analysis of work practice by reference
to what the worker actually did, in preference to what either the manager or the worker
said that they did. This is not to suggest any attempt by the host to mislead the author,
but rather an illustration of different levels of consciousness adverted to in Cultural
Historical Activity Theory, offering other possible explanations of MKSC Invisibility.

3.3.4 Pilot Study Summary
The Pilot Study confirmed the efficacy of the exploratory tools, but exposed the
weakness in the utility of the semi-structured interview, causing it to be dropped from
the research approach. The realization that mathematics invisibility findings and
conclusions based on a few, carefully selected jobs, would constitute a poor platform for
the development of any hypothesis, prompted the development of a survey of people at
80

work on a national scale. That this survey would be completed by each case study, and
by the author on behalf of each case study, based on the Numerate Behaviour observed
in each case study, provided a more sound foundation for discussion. It seemed that
much could be hidden by what the workers actually did, in conjunction with what they
said, lending renewed importance to an analysis of their activities and their surrounding
discourse. With the benefit of the lessons learnt from the Pilot Study, the research
proceeded with Phase 2 Information Gathering Figure 3.3, elaborating Phase 2 of the
Research Plan Overview, Figure 1.4.1.

3.4 Research Instruments - Case Studies

Figure 3.3 Information gathering – Case Studies
Phase 2: Information Gathering, comprised two parallel strands, viz., a National
Survey of People at Work in Ireland and a series of case studies. The survey
implementation and findings is the subject of Chapter 5. Its design, item development
and optimization is discussed in Section 3.9.
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Case-study candidates were selected on the basis that there was little or no
superficial evidence of mathematics activity. However, identifying and setting
boundaries to such jobs to be ‘job-shadowed’ required the application of a number of
devices developed by the author to peel away a succession of organizational and
procedural layers to reveal the MKSC at its foundations, while recording the
accompanying discourse for transcription and analysis.

3.4.1 Identifying MKSC in Workplace Contextualizations of Mathematics
On first contact, a workplace may seem to be chaotic, replete with a particular use of
language and populated by people absorbed in their work, challenging the uninitiated to
make sense of the purposes and processes on view. However, it is crucial for the
researcher to become promptly orientated and equipped, not only to ask clarifying
questions, but to understand the meaning of the answers. The author recognized that
observation alone would be unlikely to capture the activities and its cognitive
underpinnings in the fullest sense. At the same time, becoming involved in the
workplace risked compromising the research by inadvertent contamination. That
ethically the participant had to be fully informed before granting their consent,
presented another strand to the research approach dilemma. After careful consideration,
the author decided to employ a number of complementary tools and strategies as
follows:


Exploratory tools: to bring order to the apparent chaos of an organization’s
integrated activities, to identify and circumscribe suitable jobs of interest to
the research viz., Business Activity and Work Practice modelling tools



Job-shadowing: to unravel the how’s and why’s of work practices, to
uncover hidden mathematics elements and to record the surrounding
discourse for subsequent transcription and qualitative analysis viz., Detailed
Task Analysis and Transcript Analysis



National Survey of People at Work in Ireland: to hear what they had to
say about their beliefs and attitudes to their mathematics, situated in their
work.
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3.4.2 Business Activity Model (BAM)
The Business Activity Modelling tool (Ericsson, 2004), as adapted for this research,
Figure 3.4, is a high-level representation of the systems’ architecture of an organization.
Its technical origins may be traced to Leonard Euler’s solution to the ‘Seven Bridges of
Konigsberg’ problem in 1765, wherein all non-essential factors were stripped away so
as to expose the problem to uncluttered scrutiny. Its principles have been applied in
scientific approaches to management such as Taylorism, Fordism, Total Quality
Management, Lean Manufacturing and latterly, Lean Thinking. It was adapted to the
needs of this research for its ability to communicate succinctly regarding:


The location and interdependence of organizational units e.g. Sales, and
Delivery



The sequence of activities triggered by business events, and



The context in which activities occur.

It further served as an aide memoire, supporting recall and orientation of the current
researcher, and guided the selection of ‘jobs’ for closer examination. Although the
fictional company, ‘Paper 2 Picture Services’, Figure 3.4, typifies the services sector,
the same principles may be applied to any sector, including manufacturing and
ecommerce. The simplified examples presented below, Figures 3.4 – 3.7, are by way of
introduction to the idea of fine-tuning a focus on work in stages that are graduated in
increasing magnification. They are based on a ‘proof of concept’ Pilot Study, conducted
in the early stages of this research. They are reproduced here as illustrations only, and
not part of the research proper. The actual Business Activity Models, constructed for the
organizations hosting the case studies are contained in Appendices 4.1 – 4.46, and fully
reported in Chapter 4.
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Business Activity Model – Paper 2 Picture Services
Services Ltd.

Figure 3.4 Business Activity Model - example

Business events, such as a service order or enquiry, trigger different combinations of
activities in response to prevailing terms, conditions and process outcomes. For
example, the Red arrows depict a transaction being initiated by a telephone call.
‘Activity A’ makes a decision about the activity centre most appropriate to respond on
behalf of the company. ‘Activity B’ checks if the caller has an account and whether it is
a billable transaction. ‘Activity F’ gathers details of the service required and arranges
for it to be provided. ‘Activity L’ checks the caller’s credit position, issues an invoice
and sets terms and conditions. ‘Activity O’ is for statistics and market research
purposes.
The Black arrows trace the progress of an order to supply, routed by ‘Activity A’ to
‘Activity D’ i.e. Documents Inwards Control, the result of which is a detailed list of the
Services to be supplied and routed accordingly. ‘Activity G’ deals with scanning a wide
range of document types received in bulk by post from a multi-national retail chain.
‘Activities H and K’ are internal customers providing Warehousing and Shredding
services, which may be invoked, depending on the terms of the Service Level
Agreement. ‘Activity M’ is responsible for internal billing and arranges settlement with
creditors. Finally the scanned images are uploaded to a shared storage location and
released to the customer. Internally stimulated activities such as RandD and planning
are not included in the interests of clarity.
The BAM diagrams the flow of work through an organization from initial stimuli
e.g. order or enquiry, through service delivery, administration and accounting. As a
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model of an organization’s activities, it has the capacity to orientate the observer as to
the overall context in broad terms, crucial when undertaking business process reengineering or automation projects. The BAM applied to the organizations hosting this
research, served to suggest activities that seemed to meet the main case study selection
criteria, i.e. the superficial absence of mathematics activity such as might be associated
with labour-intensive work. The selection of specific ‘jobs’ for observation, required a
finer degree of granularity which was provided by the Work Practice Model.

3.4.3 Work Practice Model (WPM)
Having identified the business activities and their interdependencies, a more detailed
profile of a specific activity was required in order to access the constituent tasks. This
was accomplished by means of a Work Practice Model (Sierhuis, Clancey, & de Hoog,
2009), similar in intent to the BAM, yet bearing a tighter focus by defining a ‘job’ and
picking it apart. The author then produced a WPM using information provided from the
management perspective. The WPM was confirmed /corrected and elaborated as a
result of job–shadowing a specific individual, in order to capture what the worker
actually did and under what conditions.
The WPM identified all of the actions required to complete the selected function, in
finer detail. Such actions may be performed by an individual, or team, or in
collaboration with entities that are physically, if not logically, external to the workplace.
The constituent tasks were characterized by active verbs, and augmented by arrows to
indicate dependencies, to set boundaries to the ‘job’ and to aid selection for closer
observation. This method of ‘job’ targeting can be replicated on any site, by any
researcher and thus adds significantly to reliability. Alerted to the possibility of tension
between what people say and what they do (Strauss & Corbin, 1998):32, the excerpt
from the research plan overview shown in Figure 3.3, provides for the validation of the
WPM by observation of, and in conversation with, the worker. The minimal amount of
explicative narrative is so because the schematic provides an ideal scaffold to support
meaning, context and recall. An example of a WPM describing ‘Activity G’ of a
fictional company is shown in Figure 3.5. The actual research WPMs are available at
Appendices 4.1 to 4.46, and discussed in detail in Chapter 4.
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Figure 3.5 Work Practice Model - sample

The Work Practice Model (WPM) provided the researcher with a platform from
which to observe work in process. Furthermore, as some of the workers’ responses were
habitual and non-explicit, it was necessary to ask questions in order to clarify the
purpose of these actions and to make sense of them in the context of the overall aims of
the work.
In the course of the observation, the author constructed a Detailed Task Analysis
(DTA) of the actual processes engaged in by the worker, which contrasted with those
reported at the outset. The DTA was amended to reflect a more complete description
and with the benefit of having developed a deeper understanding of the workplace
terms, references and assumptions, Figure 3.7, summarized in Figure 3.6.
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3.4.4 Detailed Task Analysis (DTA)
A Detailed Task Analysis, based on the WPM, extended by the researcher’s
observations, disentangled the ‘job’ into 17 separate instances of underpinning
mathematical ideas and techniques, albeit at ‘low’ levels. Informed by the WPM, and
observation through a MKSC-sensitized lens i.e. ‘Mathematical Eyes’,

the author

listed all of the major tasks and their minor elements detected in the performance of the
‘job’. These were then categorized on an Observation Instrument: Summary as to their
Mathematics Domain, i.e. Pattern and Relationship (P/R), Quantity and Number (Q/N),
Dimension and Shape (D/S) Data handling and Chance (D/C), Figure 3.6.

Figure 3.6 Observation Instrument: Summary - sample

Each mathematics domain was then taken in turn and detailed as to MKSC, Figure
3.7, by reference to the NFQ Alignment Protocol, Section 3.7. The actual DTAs for
each case study being too detailed for an A4 page, are available at Appendices 4.1 –
4.41, and are discussed in detail in Chapter 4.
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Figure 3.7 DTA by reference to Mathematics Domain and NFQ level – excerpt

While there may be many workplaces that are similar in design and purpose, they
are nevertheless rendered unique by the human element. Each individual brings a
different blend of mathematical and other knowledge, skills, competence, motivation,
and multiple background and foreground influences (Skovsmose, 1996), to workplaces
that are embedded in different organizational cultures. The exploratory tools described
above are not generalizable, but portable from one worker / job to the next. As such,
they have the capacity to report the MKSC specific to the individual in the performance
of his/her work, but this alone may not be complete. There may be more clues as to the
nature of work contained in how individuals did their work in responding to a range of
conditions, and why.

3.5 Workplace Discourse
The literature review accounted for many factors that may contribute to mathematics
invisibility, to which this present work added consideration of the way people talked
about their work, while engaged in their work. Indeed, the author overheard dialogue
between two colleagues that contained so many coded references as to render it beyond
the comprehension of the ‘outsider’, despite English being their shared, commonly
accented, first language. Similarly, verbal descriptions of the workplace alone, risked
the omission of the depth of meaning as may be captured by ‘job-shadowing’ i.e.
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accompanying the worker in the course of his/her work, taking the opportunity to record
the surrounding discourse.

3.5.1 Job-shadowing
It is customary for individuals to go about their work in low-skills level, low-paid jobs,
as a matter of routine, repeating a sequence of familiar actions, underpinned by
operations that are performed automatically and selected to meet the specific needs of
specific events. They may feature problem solving, decision making and situation
management at a level commensurate with their formal role and performed as unspoken
responses to familiar and unfamiliar situations. For this reason, it was necessary to ask
questions such as “what happened”, “how do you know”, “how did you learn that”,
“what happens next”, “what if” and so on, so that the participant could externalize
elements of their work practice. This was captured on voice recording equipment and
later transcribed and

examined by the author using computer software, NVivo9,

designed to support Qualitative Analysis (QSR International Pty Ltd., 2008). This
offered the opportunity to grapple with the fabric of the context in which work was
performed.

3.6 Transcript Analysis Methodology
The author undertook to transcribe the discourse that accompanied the case studies.
While this may have been more efficiently achieved by a professional audio-typist, it
had the effect of virtually relocating the author in the research site in an observer’s role,
where listening was paramount.

At the outset of ‘job-shadowing’, the author’s

disposition was with a heightened sensitivity to the underlying mathematics, whereas,
listening to a replay of the discourse allowed important factors to surface that had been
previously overlooked. While the primary focus remained the identification workplace
MKSC, there was the growing sense, increasing with each case study, that there was
more at stake than the domain and level of mathematics.
The traditional approach to the analysis of discourse involved the highlighting of
passages of text, copying or cutting them, and pasting them into another document to
aid synthesis and interpretation.

This was crucial, yet tedious work such that the

following of hunches may have been deterred in the past by the extent of physical effort
involved. This present work adopted one of the most popular computer applications
that mimic the traditional approach in a familiar environment that is redolent of
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MicroSoft Office © products viz., NVivo v.9. The user need only highlight a word or
phrase to indicate its meaning and relevance. These references can be gathered together
as belonging to a Node the user creates to indicate a theme, characteristic or group of
properties Figure 3.8. Nodes can be structured as hierarchies of themes and sub-themes
and interpreted accordingly, without altering the original text(s).

Figure 3.8 Sample Nodes emerging from the analysis of Case Study discourse

The discourse analysis technique adopted for this work was to re-read the transcript
to identify instances relating to a major theme, and connect them by ‘joining’ them to
the same Node. This is an iterative and reactive process, rather than prescriptive, insofar
as Nodes are created as they arise in the transcript, rather than creating a Node structure
and reading the transcript in search of supporting evidence. Although there were
hundreds of instances of Numerate Behaviour detected in the transcripts as illustrated
by Figure 3.8, of more significance was the early indicators of a metric with which to
capture the context of work, and which would subsequently inform the Workplace
Contextualization of Mathematics discussed in Chapter 7: Emergent Issues.
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3.7 Evaluating MKSC and making it Visible
Calibrating the identified MKSC, in order to benchmark them with the NFQ was
challenging due to the variety of factors involved. Designed to address all learning
disciplines, the NFQ does not contain mathematics specific language. The NFQ sets and
describes the standards across 10 levels of achievement. The Further Education Training
Awards Council (FETAC, 2009) is required to specify how such standards are to be
met across a wide variety of subject disciplines, including mathematics categorized
according to a number of domains that accord with formal education provision for
adults. FETAC accomplishes this by publishing topic and level-specific ‘Module
Descriptors’. In order to gain a ‘full award’ at a given level, the student must complete
a number of modules, among which mathematics is core.

Each module features

Significant Learning Outcomes (SLOs) which are considered to demonstrate mastery of
the module. At the lowest levels, the student may demonstrate his/her knowledge and
skills in a Tutor Marked Assignment (TMA) or Project, with 4 possible outcomes viz.,
fail, pass, merit or distinction. Quality and fairness is assured by a ’read-after’ technique
employed by external examiners, who are the final arbiters of the credit awarded.
While mathematics is ranked as a core component, it must be accompanied by a number
of other modules in order to warrant a full award. Credits obtained in this way are prealigned with the NFQ, which set the standard upon which module is developed and
implemented by curriculum to reach prescribed SLO’s, in a formal learning setting.
This approach is designed for, and is ideally suited to, the structured learning
environment, but struggles to recognize and measure learning that occurs in informal
and non-formal settings, e.g. the workplace.
The author developed the view that the recognition of learning in the workplace
could be achieved by adapting the TMA accreditation process as employed by the
FETAC accreditation procedure.

The Case Study DTAs indicated that the MKSC

underpinning low-skilled / low-paid jobs was of a relatively modest order. The author
gathered the FETAC mathematics modules against which levels 1 through 3 are
formally assessed. By synthesizing the SLOs of the FETAC Mathematics Modules and
aligning them, he produced an evidence-based FETAC – NFQ Alignment Protocol for
each Mathematics Domain Appendices 3.15 – 3.18, with which to evaluate the practice
of work and to identify the SLOs embedded in work, simply by reconciling the SLOs
with the DTA. In this way it was possible to assign the MKSC underpinning each
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component of each DTA to a FETAC Mathematics Module at a given level, Figure 3.7
FETAC Level and SLO code.
It was at this point that the dissonance between the structures related to formal
learning and the workplace began to emerge. The former was self-contained and
controlled for the tracking of learning progress over increasing levels of
complicatedness, the latter was a fluid, dynamic and reactive environment, designed and
continually re-designed to realize the objectives for which it exists.
The pilot study observed jobs containing complicated mathematical elements that
had become a matter of routine by repetition over time. Other jobs were characterized
by an array of relatively simple mathematical activities when taken in isolation, yet
combined to construct a whole job featuring a degree of complexity beyond the
aggregate of its parts. This insight was another indication that identifying and aligning
MKSC in terms of the NFQ, made it visible in terms of its complicatedness only, all the
while being silent regarding the context in which such skills knowledge and skills were
deployed. This matter is revisited and treated in greater depth in Chapters 7: Emergent
Issues.

3.8 Impact of Mathematics Invisibility
The third research question deals with how Mathematics Invisibility might be
expressed or impact the workplace. While many factors are said to contribute to
mathematics invisibility, to some extent at least, this research argues that these affecters
vary in intensity from one unique individual to the next, even between those sharing the
same workplace. While the encounter between the worker and the work may be an
entirely different experience due to personal background factors, the tasks, procedures,
artifacts, and work practices are necessarily shared by people doing or collaborating in
the same job.
It is beyond the scope of this present work to differentiate in any depth between
competing theories of the nature of logical thinking, whether it is supported by whole
integrated structures (Piaget & Inhelder, 1959), an inventory of schemata from which
inferences may be drawn (O'Brien, 1998), a series of mental models of the real world
(Johnson-Laird, 1983) or an innate, common sense ability (Colleran et al., 2003).
However, it seems that mathematics concepts are not applied as discrete units of
cognition in the initial stages of solving a problem or managing a situation. In this way,
degrees of MKSC invisibility may indicate that mathematical ideas and ability have
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been successfully subsumed into an integrated cognitive resource with which people
manage everyday situations. From this perspective, it appears that the continuous use of
a set of knowledge and skills, in pursuit of a specific goal, may relegate the awareness
of mathematics concepts in a person’s work, but not necessarily the associated numerate
behaviour. The MKSC may lurk in the background awaiting a suitable stimulus, being
brought to the fore as and when needed, echoing the precepts contained in CHAT.
Adopting a broader perspective, the author acknowledges that the richness of the
information afforded by concentrating on relatively few case studies, whatever the
contribution to the understanding of the workplace, forms a very narrow platform upon
which to base conjecture regarding attitudes to mathematics in the workplace in general.
This research sought to extend the range of the enquiry by conducting a National
Survey of People at Work in Ireland concerning and their attitudes and beliefs around
the relevance, utility and visibility of mathematics in their work. Chapter 5 provides a
complete report of the analysis of the survey data an interpretation of its findings arrived
at by traditional means. A method of adding weight to these findings, together with
metric for measuring MKSC Invisibility along a scale measured in logits is provided in
Chapter 6. This chapter continues with a description of the measures taken to design,
develop, test and optimize the survey instrument before being distributed nationwide.

3.9 Survey Design, Development and Testing
This current research enquired about the extent to which a person recognised the
mathematical knowledge, skills and competence that underpin the performance of their
job. That these may be ‘invisible’ varies in degree from person to person and may be
affected by a range of factors that are unique in combination and intensity. The role of
mathematics in the workplace, although ubiquitous is not neatly packaged as to type and
sophistication. It may be concealed by the surrounding artifacts, procedures and
practices in ways that challenge identification and resist exposure to closer scrutiny.
The introduction of tests to gauge mathematics ability may represent an intrusion
sufficient to violate the context and distort the meaning of test outcomes. Instead, this
research used a survey instrument, designed to hear what workers had to say about their
relationship with mathematics
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3.9.1 Research Context
The performance of tasks underpinned by mathematics concepts and techniques,
suggests that a person may engage in what has been described as Numerate Behaviour
(PIAAC Numeracy Expert Group, 2009), i.e. responding to mathematics information
presented in different ways. By disaggregating what a person ‘knows’ and what s/he
does, it may be possible to establish links between the possible causes of mathematics
invisibility and how that is expressed by the individual in the workplace. The gathering
of data in the parallel case studies, yielded detailed task analyses, of the same
individual’s job described in Chapter 4, enabled the observer to complete the same
survey through what might be termed ‘Mathematical Eyes’ and explore the possible
tensions between the self-reported and observed accounts of numerate behaviour. The
validity of the survey instrument at the heart of this research is crucial to establishing
robustness of the inferences drawn and their reliability across a range of workplaces.

3.9.2 Survey Instrument Validity
In the early part of the 20th century, validity was thought of as a measure of how
closely an estimate of a variable represented its ‘real’ value (Kane, 2001). This
‘criterion’ approach was extended to include a subjective review of how adequately the
survey content represented domains where a ‘real’ value was difficult to identify. Over
time, criterion and content validity developed into a construct-based model where
validity was indicated by the extent to which the measures reflected the theoretical
construct being researched. By the mid-1900s, the quality of validity could be
demonstrated by meeting the following requirements:


A statement of the proposed uses and interpretation of measures



Analysis of evidence from multiple sources



Consideration of alternative interpretations of measures based on alternative
theories.

This characterization of validity presaged the more recent shift from multi-faceted
validity to that of a unitary concept, for which multiple types of evidence are
appropriate. This approach has been adopted and published in the

Standards for

Educational and Psychological Testing (American Educational Research Assosciation,
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American Psychological Association, & National Council on Measurement in
Education, 1999). Evidence of validity may be gathered from a variety of sources
appropriate to the domain of interest. Many survey designers continue to validate
instruments on evidence that:


The variable relates to an external value, measure of a construct or is predictive
of future performance i.e. predictive validity



The test content is representative of the universe from which it is drawn i.e.
content validity



Theories about the construct account for the test adequately i.e. construct
validity

The survey instrument at the service of this research draws evidence of validity that
is substantive, structural, content relevant, criterion relevant, fair and interpretable by
engaging in the following activities:


Definition of Purpose, Section 3.10



Test Specification, Section 3.11



Item Development, Section 3.12



Expert Review, Section 3.13



Pilot Survey, Section 3.14

3.10 Definition of Purpose
The purpose of this survey instrument is to provide a measure of the frequency of
Numerate Behaviour and surrounding awareness of use of mathematics as displayed in
the workplace. A small number of workers were invited to use the survey instrument to
locate their own Numerate Behaviour within a normative framework established by a
larger sample. The same individuals were closely shadowed as they performed the tasks
that underpin their job to enable the researcher develop a detailed task analysis. By
using the same instrument it was possible to report the observed frequency of Numerate
Behaviour. The use of Differential Item Functioning (DIF) techniques, illustrated the
contrast between the self-perceived and observed behaviours on the same scale and is
reported in Chapter 6, offered a profile and measurement of the extent of mathematics
invisibility experienced by the case study participants.
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An individual’s Numerate Behaviour and attendant attitudes may represent the
culmination of formal, non-formal and informal learning, distilled by relevance,
matured by experience and extended by insight, but may not be aligned with the
propositional characterization of mathematics associated with formal learning. The
researcher triangulated measures of Numerate Behaviour with the surrounding discourse
and drew inferences regarding the possible tensions between them that may reveal a
workplace characterization of mathematics. Other protocols necessary to calibrate the
expertise level the mathematics underpinning workplace activity, discussed in Chapter
4, while meeting their original brief, helped to uncover the influence of other factors at a
more profound level and are discussed in Chapter 7: Emergent Issues.

3.10.1 Scope
Every effort was made to include a broad range of job types, and education levels,
especially mathematics education, based on current workforce statistics in Ireland. The
topic of enquiry is concerned with the contrast between the self-reported and the
observed Numerate Behaviour. The principal requirement of the instrument is that the
items should behave in an orderly fashion, be similarly interpreted by all respondents,
imply convergence of ability and difficulty, and enquire about one dimension at a time
with a minimal associated measurement error.

3.10. 2 Budget
The extent of this survey is limited by the available finance and that relatively few
case studies were feasible. Nevertheless, research on a small scale such as this, can
serve as a ‘proof of concept’ and as a precursor to more extensive research activity. The
target sample was 400 persons, although it was anticipated that it would be necessary to
canvass 1,000 people in order to achieve this amount of responses.

3.10.3 Economic Environment
The research took place in an uncertain commercial climate and where the
workforce profile may shift in response to the fear of redundancy, the risk of long-term
unemployment and the prospect of emigration. Accordingly, the development of the
survey instrument took account of a number of ‘real world’ constraining factors and
addressed them accordingly.
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The prevailing economic conditions seem to dispose the employer unfavourably
towards research activity in the workplace. However, in what may be an example of the
Hawthorne Effect (Franke & Kaul, 1978), the organization that hosted the pilot study,
subsequently reported a discernible boost to staff morale that is directly attributable to
the research activity. That the host organization invited the author to conduct research
to whatever extent he deemed necessary, with unconditional access to the workforce,
was a welcome and unanticipated boon.

3.10. 4 Observer Effect
It is well recognised that the presence of the observer contaminates, to some extent,
the performance of the people being observed. That the cognitive processes which
guide the actions of the worker were not amenable to observation alone, justified the
active participation of the observer to seek clarifications and explanations where
necessary. Preparation in advance of the observation e.g. Business Activity and Work
Practice models, reported in Chapter 4, permitted the work process to flow without
hindrance. While no information was withheld from the participant in securing their
informed consent, the author’s emphasis on ‘workplace skills’ seemed to encourage the
participant to ‘show-off’ their full range of duties, the problems that arose and the
strategies they had adopted to deal with them. The depth of this exposure to workplace
activity provided the richness of the background against which to interpret the early
responses to the survey which took place in parallel.

3.11 Test Specifications
The presence of mathematics, partially or wholly concealed in tasks and procedures,
may be betrayed by the extent of the worker’s Numerate Behaviour. For this reason, the
appropriate instrument of inquiry was a survey designed to enquire about the
respondents’ own activity in their own jobs.

While this introduced an extraneous

element to the workplace, the risks of contamination were mitigated by its completion
having followed the observation stage, there being no ‘wrong’ answers. That it is a
survey enquiring about the worker’s activities about which s/he is expert, is a familiar
concept through widespread use and is relatively free of test anxieties. The alternative
approach of introducing mathematics-based problem solving tests, was rejected as
intrusive, context distorting, redolent of school anxieties, invalid for the field of enquiry
and unreliable as a predictor of the mathematics knowledge, skills and competence that
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underpin a job. The next paragraphs discuss the factors influencing the development of
the construct upon which the survey instrument was built.

3.11. 1 External Constructs
Rather than attempt to create a whole new paradigm to suit the conduct of this
research, the author sought to build on pre-existing work, by developing a construct
from within the existing suite of frameworks and constructs as follows (3.11.2 –
3.11.4), in a way that links them together, to account for the experience of people at
work.

3.11.2 Numerate Behaviour
The construct at the heart of this instrument is a synthesis of two, pre-existing
constructs viz. Numerate Behaviour

and the characterization of mathematics

for

schools in Ireland i.e. Mathematics Domains. The Programme for the International
Assessment of Adults’ Competencies defines Numerate Behaviour as ;
•

Responding to ...
– Identify, Locate or Access
– Act upon or Use
– Interpret, Evaluate/Analyse or Communicate

•

Information about mathematical ideas ..
– Quantity and Number
–

Dimension and Shape

–

Pattern, Relationship and Change

– Data and Chance
Represented in a number of ways...
– Concrete objects
– Symbolic Notation
– Images, Graphs, Maps and Visual Displays
... in order to solve a problem or manage a situation
(PIAAC Numeracy Expert Group, 2009)
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3.11.3 Mathematics Domains
An extensive change is underway in Ireland regarding the content, curricula,
pedagogy and uniformity of mathematics education in Ireland at first and second levels.
The ‘big ideas’ of mathematics are characterized as:


Quantity and Number



Pattern and Relationship



Space and Shape



Data handling and Chance



Problem Solving (OECD, 2009).

This configuration of mathematics domains is currently used by the Further
Education Training and Awards Council (FETAC), for the accreditation of adults’
learning in mathematics at the lowest levels. The concept of problem solving has
multiple, non-arithmetical connotations for the workplace and was not specifically
targeted in the survey design. However, many of the survey items were purposely posed
in the language of a problem based on the well documented relevance paradox and on
the author’s suspicion that the worker may be more conscious of their use of
mathematics in work, in specific and tangible contexts.

3.11.4 National Framework of Qualifications in Ireland
The National Framework of Qualifications in Ireland (NQAI, 2003), its structures,
provenance and provisions are discussed in detail in Chapter 2. Its relevance to the
construct at the heart of the survey is that it is the formal backdrop for the teaching and
learning of all subject disciplines, including mathematics. It is fundamental to
communicating about academic achievement between individuals, education providers
and employers and is the principal conduit for heightening the visibility of mathematics
in the workplace.

3.11.5 External Factors
This research took place in the real world of work, conditioned by opportunity and
many factors which lay outside the researcher’s control. Participation was voluntary
and benefited greatly from a substantial degree of goodwill, generosity, and the
availability of appropriate resources.
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3.11.6 Time
The survey items, having been tried out amongst ‘critical friends’, reviewed by
experts, field tested on a modest scale, cleaned of items tending to distort the
measurement model, was ready for distribution by the end of November 2010. Data
collection continued for 3 months, during which time the case studies were taking place.
The coincidence of the case study and the survey exerted mutually formative and
beneficial effects, the one adding to the depth of understanding and appreciation of the
other.

3.11.7 Format
The Pilot Survey Instrument was available in ‘paper and pencil’ formats with an
initial target sample of 62, comprising 147 items plus demographics. The 49 responses
received, including feedback on readability and clarity, were sufficient to identify nonperforming items and to carry out optimizing activities. The final version comprised 67
items plus demographics. It was distributed in electronic and manual formats, in the
interests of access, and fairness. The electronic format facilitated distribution across the
author’s professional and social networks, was readily accessed by following a
hyperlink, and invited the recipients to ‘pass it on’. It provided the added convenience
of collecting the survey data automatically, and in a format compatible with specialist
computer software applications for statistics.

While this method extended the reach of

the target population, it had the potential to skew the sample in favour of ‘selfselectors’. In an interesting aside, it was curious to note that some respondents were
unable to access the online survey due to Internet-use security precautions imposed by
their employer organizations. On the other hand, the manual version permitted a more
finely tuned audience, individually and opportunistically targeted, but impacted
negatively on volume of returns and the associated processing time. The profile of the
respondents and their demographic and educational distribution is presented in Chapter
5, together with detailed findings.

3.11.8 Internal Construct Models
Having regard to the synthesis of external constructs and influences, the survey
construct incorporated several different but complementary facets.
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Numerate Behaviour with Mathematical Concepts
The survey instrument was designed to enquire about each Numerate Behaviour in
response to each type of mathematics information and sought to elicit responses
regarding the awareness, frequency of use, and the implied visibility or prominence in
the workplace. Furthermore, the item labels were coded so as to enable the synthesis of
any behaviour with each mathematics domain, or each behaviour with any mathematics
domain for the benefit of data analysis. In other words, mathematics in the workplace
may be hidden in a number of ways, but it may be inferred from an individual’s
Numerate Behaviour. In anticipation that that each Numerate Behaviour may vary
depending on the underpinning mathematics concepts, the author designed the survey
items so as to monitor multiple Numerate Behaviour / Mathematics Domain
combinations as follows:
Numerate Behaviour

Code

Mathematics Information Domain and Code

Identify

(Y)

Quantity and Number

(Q)

Evaluate

(E)

Pattern and Relationship

(R)

Act Upon

(A)

Space and Shape

(H)

Communicate about

(O)

Data handling and Chance

(D)

Table 3.10 Test Blueprint Frequency of Numerate Behaviour
Mathematical Concept

Numerate
Behaviour and

Quantity and

Space and

Pattern and

Data handling

Number

Shape

Relationship

and Chance

(Q)

Code
Identify

(R)

(D)

(H)

(Y)

?YQ

?YH

?YR

?YD

Evaluate (E)

?EQ

?EH

?EH

?ED

Act Upon (A)

?AQ

?AH

?AH

?AD

Communicate

?OQ

?OH

?OH

?OD

(O)

(? Indicates a ‘wild card’ value for item selection criteria)
The codes were assigned to suit the computer software requirements for
manipulating data sets. In this way, combinations of Numerate Behaviour and
Mathematics Domain items could be selected in a variety of configurations. For
example, item codes containing the letter combination ‘Y’ and ‘Q’ were related to the
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behaviour of Identifying Quantity and Number, whereas all codes that included the
letter ‘Y’ referred to the behaviour of identifying, regardless of Mathematics Domain.
Conversely, items codes containing the letter ‘Q’ referred to Quantity and Number,
regardless of behaviour.

3.11. 9 Mathematics Invisibility
The phenomenon of Mathematics Invisibility is that, although people may use
mathematics concepts and behave in numerate ways, they may routinely deny it on the
grounds that they are ‘not a maths person’, or dismiss it as commonsense. This may
represent the cumulative influence of several internal and external factors which
subsume discrete elements of knowledge, skills and competence into a whole structure
or set of schemata, rendering its component parts invisible to some degree. There are
many personal factors that influence a person’s development in unique combinations
that may contribute to mathematics invisibility in particular. Similarly, there are
organizational factors that both affect, and are affected by, each individual. That these
may interact in complex ways that contribute to mathematics invisibility may be
indicative of successful assimilation of mathematics knowledge skills and competence
rather than anything else, Table 3.11. The modern workplace features procedures,
artifacts and training with the express purpose of achieving required standards of
performance to a predetermined level of quality while minimizing the potential for error
and waste. The constant repetition of procedures, in which people have been trained and
supported by artifacts to achieve the same outcome, may contribute to the commonsense
explanation offered for the role of mathematics in work.
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Table 3.11 Awareness of Mathematics - Ascent to Invisibility
Remarks

Person

Formed by;

Habitus and Local Culture

Featuring;
Which develops;
In support of;

Contextual / Local Discourse
Language
Teaching / Learning
Explicit : Formal, non-formal
Tacit: Informal
Context dependent, individual
elements
Integrated whole structure or
Mental Logic schemata or
Mental Maps
Habits
Artifacts / Black boxes

Whether it is;
Comprising;
Continuously
re-constructing;
Realised as;
Supported by;
Characterised
as;
Reinforced by;

Organization
Culture and Communities of
Practice
Contextual / Local Discourse
Jargon
Teaching / Learning
Explicit : Formal, non-formal
Tacit: Informal
Context dependent, individual
elements
Procedures (integrated and whole)
Routines
Artifacts / Black boxes

Commonsense

‘Part of the job’

Repetition

Training and Repetition

This present research measures the attitudes of the worker, especially regarding
Procedure, Training and Artifact because of their ubiquity in the workplace and their
seemingly pivotal, ‘commonsense’ role in the process of work.
The use of mathematics knowledge, skills and competence may be obscured by the
language associated to ‘school’ mathematics, or replaced by workplace specific terms,
or embedded in problem solving activities. Items testing mathematics invisibility were
developed with the following framework in mind, table 3.12:

Table 3.12 Test Blueprint : Awareness of role of Mathematics

Mathematics
Invisibility

Activity
Artifact
Commonsense
Training
Procedure
‘School’ Mathematics
Workplace terms
Problem Solving

Code
A
C
T
U
M
W
B

This structured approach enabled each item to be coded in a meaningful way, such
that computer software could identify survey items as belonging to either Awareness or
Frequency, the Numerate Behaviour they enquired about and in encounter with an
identifiable mathematics domain, according to the codes described in Tables 3.10 and
3.12.
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3.12 Item Development
The initial stage of item development was framed by the constructs of Numerate
Behaviour juxtaposed with the school characterization of Mathematics, currently under
development in Ireland. Guided by an item blueprint comprising a 4X4 matrix of
behaviours and concepts, Table 3.10, together with a Mathematics Invisibility
Framework consisting of 8 possible contributing sources, Table 3.12, 147 items of
inquiry were developed in addition to 10 items concerning demographics. This quantity
of items was produced in conversation with experts in the field and under close
supervision. Several iterations were required to refine the language and structure of the
items. While this quantity of items is large for this type of survey in order to optimize
the range of topics, the author anticipated that this would be whittled down to a more
manageable extent. The first version was ‘tried out’ amongst a small group of ‘critical
friends’ and checked for readability. Having made appropriate corrections, it was then
‘field-tested’ with a small sample. This step provided sufficient data to ‘clean-up’ the
structure of the survey and to optimize the final pool of items.

This approach to enquiring about mathematics utility in work from the perspective
of the worker engaged in work that is superficially devoid of mathematics, is at the
frontier of mathematics research in the workplace in Ireland. Being the first of its kind,
there is no template to provide guidelines, or verification. In this context, the author
sought a mechanism to provide assurance that the survey items reflected the construct of
enquiry, and were similarly interpreted by the participants. It was not the intention to
establish agreement, but that the responses were internally consistent. That the data
were ordinal presented particular challenges regarding analysis, for which the Rasch
Measurement Theory, Chapter 2, the Rasch Rating Scale Model in particular, seemed to
be ideally suited.

3.12.1 Rasch Rating Scale Model
In the first instance, the author employed traditional methods to report on the
proportions of responses occurring in each category. Out of concern that such
aggregation of responses had the potential to suppress dissonant voices and even
contaminate the findings with data derived from flawed items, the author decided to
seek corroboration elsewhere. From amongst a suite of possibilities, the approach most
appropriate to this survey is the Rasch-Andrich Rating Scale Model (Bond & Fox,
104

2007), Section 2.12. It was selected for its ability to measure multiple, qualitatively
different categories. It was centred on the subject of Numerate Behaviour, offering a
range of response options to Likert style statements, segregated to measure two
dimensions viz. Awareness of the utility of mathematics and the Frequency of its use in
work. The development of the Likert stems is guided by Literature Review, Pilot Study,
BAM and WPM, enfolding theoretical frameworks and expert review.
In the first instance, the Rasch Measurement Theory (Linacre, 2010) was used to
guide item development and to analyze the Pilot Survey data set. This enabled the initial
pool of items to be trimmed to those that behaved in an orderly way, displaying unidimensionality, that occurred within the parameters recommended for rating scales, and
elicited responses that were distributed across all categories. The next section describes
how the Pilot survey was built to reflect the underlying constructs and how it was made
ready for the National Survey of People at Work. While the ideas and intent
underpinning survey items emerged from a technical perspective and talked about using
the specialized language associated with the topic, the author took precautions to ensure
that the survey items could be understood by the target population.

3.12.2 Rasch Guide to writing Survey Items
A key objective was to attract a broad spectrum of people engaged in a wide variety
of work, and to make their participation feasible. The format and wording of the survey
items were critical in achieving this outcome. The language of the items was direct and
simple, being guided by the following principles, adapted from Rasch Instrument
Development and Measure Validation (Wolfe & Smith, 2007):


Avoid references to past feelings as recall is often is unreliable



Avoid factual statements when measuring attitudes and beliefs



Avoid absolutes such as ‘all’, ‘none’, ‘always’ and ‘never’



Restrict the use of words such as ‘only’ , ‘just’ or ‘merely’ as they may represent
different amounts to different participants



Write simple, short, clear statements as longer statements increase complexity
and reduce clarity



Avoid compound sentences



Avoid slang



Avoid suggesting a particular answer
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Avoid non-distinguishing statements



Avoid negatives



Anticipate reading levels much lower than that expected from the target
population



Avoid irrelevancies



Write at least twice as many items as the number likely to appear in the final
version as many will fail validity checks.

These conditions were difficult to achieve and sustain, within the constraints of the
underlying construct, while at the same time engaging and retaining the interest of the
individual sufficiently to obtain an honest and reflective set of responses.

3.12.3 Response Categories
There are two discrete sections to the survey viz., Frequency of use of mathematics,
and Awareness of the role of mathematics, each offering 6 response categories, 3.12.4
and 3.12.5. This is within the ‘rule of thumb’ upper limit of 7, recognizing that very
little information may be garnered by the addition of extra categories and minimizing
the potential for respondents to interpret subscales differently.
According to the enfolding literature (Wolfe & Smith, 2007), this number of
categories constitutes a better fit for the Rasch Rating Scale Model.

The item

development phases i.e. expert review, ‘try out’ and ‘field test’, and ‘clean-up’ activities
validated the items for inclusion, reducing the number of items considerably and
informed the selection of the quantity of categories.

3.12.4 Frequency Scoring Model
The instrument sought to gather data concerning the frequency of different kinds of
Numerate Behaviour embedded in the performance of work. The original scope of
Response options offered were:
Pilot Study Response categories

Score value

Don’t Know

0

Never or hardly ever

1

About once a year

2

About once a month

3

About once a week

4

About every day

5
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The inclusion of the ‘Don’t Know’ response was originally conceived as a ‘catchall’ category. However, reflection on the Pilot Survey data, suggested that separate
categories might be necessary to capture subtle differences between ‘Don’t Know’ and
‘Don’t understand the question’. The expectation prevailed that if a person did
understand the item, they would estimate the frequency of the use of mathematics in one
of the categories provided. The ‘Don’t Understand the question’ response category was
provided to account for every possible answer and to force a response when being
completed in the electronic data collection environment. In addition, a preponderance
of ‘Don’t Understand the question’ responses, would indicate deep flaws in the item,
and exposed as mis-FITting, non-performing measurement item. The spectrum of
response categories offered to Frequency items in the final version of the survey were:

Frequency Items-Response categories

Score value

Don’t Understand the question

1

Never or hardly ever

2

About once a year

3

About once a month

4

About once a week

5

About every day

6

This rationale did not extend to the awareness of the utility of mathematics survey
items.

3.12.5 Survey Awareness Items Scoring Model
This model enquired about the individual’s awareness of the role and utility of
mathematics

in specific situations, by inviting degrees of assent to Likert style

statements. It was originally conceived as a means of discriminating between observed
and self-reported attitudes, which might provide an indicator of mathematics
invisibility, but instead afforded insights of another kind, discussed in Chapter 7:
Emergent Issues. The response options offered in the Pilot Survey were:
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Pilot Study Awareness-Response categories

Score value

Don’t Know

0

Strongly Disagree

1

Disagree

2

Neither Agree or Disagree

3

Agree

4

Strongly Agree

5

The Awareness model enquired about the individual’s awareness of the utility and
power of mathematics in work. The offer of 6 response categories is consistent with the
Frequency model for similar reasons and for the convenience of the author. In contrast
with the Frequency model, there seemed to be more justification for the inclusion of a
‘Don’t understand the question’ option to capture the subtle difference between that and
‘Don’t know’. At the same time, the provision of a neutral option may invite and
encourage the selection of the ‘middle option’. The final version of the survey removed
the neutral option in order to force a decision, and included a ‘Don’t understand the
question’ (DUtQ) response category, physically positioned at the opposite end of the
option spectrum to avoid accidental confusion with ‘Don’t know’. The positional value
accorded to ‘Don’t Understand the question’, was not intended to suggest an orderly
continuum indicating some response that extended beyond ‘About every day’ and was
re-coded during the analysis stage.
Final version Awareness items-Response categories

Score value

Don’t Know

1

Strongly Disagree

2

Disagree

3

Agree

4

Strongly Agree

5

Don’t Understand the question

6

It is common in qualitative research of this kind, to assign ordinal numbers and
interpret them as representing intervals in order to apply parametric tests of reliability
and validity. The treatment of the survey data here, adopted a different approach, viz.,
Rasch Measurement Theory (RMT). RMT claims to transform ordinal data into
probabilistic interval data, and thereby enable the calculation of Chi-Square and Fit
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statistics and to report on uni-dimensionality, so that the quantity of items could be
minimized while at the same time optimizing the measurement power of a survey
instrument. RMT exerts its most powerful influence at the formative stage of a survey
instrument by identifying the survey items that most closely measure the latent trait in
terms of its underlying construct. With this in mind, the author piloted the survey in its
original form, to identify non-performing items, to correct or remove them, and to
optimize its overall size before scaling up the target population to a national level. This
activity is described in the following Sections, 3.12.6 to 3.14.8

3.12.6 Pilot Survey Context
The context in which the Pilot Survey took place was explicitly that of the
individual’s workplace, although some items include mathematical terms that may be
more readily associated with the school classroom than the workplace. This was in
order to detect whether the mathematical terms themselves have the effect of reinforcing
the individual’s experience of mathematics invisibility and may comment on possible
disconnection between school and the workplace.
The principal inference expected was the extent to which an individual recognized
their own numerate behaviour in contrast with the same behaviour viewed through
mathematics-sensitised eyes. However, the survey findings, taken together with an
analysis of the case studies at once confirmed and disconfirmed this view, as will be
demonstrated by the survey findings in Chapters 5 and 6, and the emergent issues
described in Chapter 7.

3.13 Expert Review
Each stage of the development was guided by expert review provided by Dr Terry
Maguire (Institute of

Technology Tallaght, Dublin), and Prof. John O’Donoghue

(University of Limerick), both renowned experts in the field of Adult Numeracy
Teaching and Learning, Prof. Peter Tymms (University of Durham Education
Department), Dr Anne O’Shea National University of Ireland, Maynooth, Mathematics
Department), who provided direction as to sample size, constructs, interpretation and
communication. Dr Maria Pampaka and PhD Candidate, Oyoke Mooi, (University of
Manchester, Education Department) who advised on Rasch Instrument Development
Activities and Measure Validation, item refinement and final selection methodology.
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3.14 Pilot Survey: Instrument Try-out
The initial instrument ‘try-out’ was conducted on a small sample (n=5). Feedback
was received concerning the language, structure, accessibility, meaning, response
categories, number of items and approximate time to complete. The instrument was
refined in response and distributed in its ‘pencil and paper’ format to a wider population
for field testing.

3.14.1 Pilot Survey - Field test
The Pilot Field Study was distributed to a sample of 62 individuals, stratified to
represent the active workforce in Ireland for which the latest statistics are available. The
strata were constructed to reflect education level and the proportion of the workforce
accounted for by a given job category. Oversampling occurred for the ‘lower’ and
‘higher’ skilled extremes of the spectrum. Demographic information included gender,
age range, highest formal education level and highest level of mathematics education
and invited comments regarding the most important skills associated with the
participant’s job.

3.14.2 Pilot Survey Response
The response rate was a little under 75%, n=46. The data sets were recorded in
PASW/SPSS computer software environment and used to report on response
frequencies. Rasch Analysis software, Winsteps, v 3.70, under continuous development
since 1984 by Dr Mike Linacre and Benjamin D. Wright, was used to report on the
behaviour of the instrument in contact with the individual participants, to highlight
problematic items and to reduce the volume of items to a minimum, while retaining
enough to measure the object of enquiry. The application of Rasch Analysis techniques
is fully reported in Chapter 6.
This process resulted in ‘Survey Instrument Clean-up’ strategy, presented for expert
review, in anticipation of achieving a final version for widespread distribution, both by
online survey tool and for completion by hand.

3.14.3 Number of Survey Items
Shorter surveys are thought to be more likely to attract more participants. The
potential extra information contained in a longer survey may be compromised by
boredom and random, neutral or aberrant response patterns. The optimum number of
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questions is thought to be about 60, including demographic items. The Pilot Survey
field test comprised 147 items, plus demographics Appendices 3.22.1 and 3.22.2, and
proved to be too cumbersome for purpose. Early analysis indicated that many items had
large mean-squared errors, disordered response behaviour and subscales that warranted
further investigation in advance of the author’s decision to include only those items
meeting the quality criteria.

3.14.4 Survey Instrument ‘Clean-up’ Strategy
The purpose of the ‘Clean-up’ activities was to identify survey items that seemed to
contribute more to ‘noise’ than information, as measured by their degree of FIT or
otherwise by reference to the relevant portion of the full data, i.e. whether reporting
Awareness or Frequency in each mathematics domain. Such apparently non-FITting
items were then assessed and removed if necessary. In recognition that the removal of a
‘noisy’ item may have an effect on the FIT of the remaining items, the author conducted
a number of iterations, permitting the computer software to re-calibrate the FIT statistics
of the remaining items and report again. This process was controlled and documented in
accordance with a procedure of which Table 3.14 is an example. The 5 digit alphanumeric codes identify the section of the survey, the numerate behaviour and the
domain, while the number portion comprises the item number. Table 3.14 describes the
sequence of events leading up to the selection of items to be include in the final version
of the survey, in order to optimize the information gathering power of the survey. This
is in line with the Rasch Measurement principle of fitting the data to the model as
discussed in Chapter 2, Section 2.12.

3.14.5 First Steps – Data Entry
The Pilot Survey, having been distributed in ‘pencil and paper’ format, returned data
in a format that was not immediately amenable to processing by electronic means. The
author inputted each completed instrument to a specialist statistics computer software
application, PASW (Predictive Analysis Software v.18 © IBM, formerly SPSS), taking
care to verify each line item. This was tedious and error prone work, arguing in favour
of the electronic distribution and data collection methods for larger scale surveys. Each
response contained values to reflect the opinion of the respondent to each survey item
and were treated as expressions of a variable. The author codified each of the variables
in such a way that they could be identified by Numerate Behaviour and/or Mathematics
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Domain combinations. In this way, items were grouped together to enable the reporting
of each behaviour with any mathematics domain, or each domain with any behaviour.
The reporting power of PASW, enabled the identification of anomalous responses and
to verify the spread of response categories. Since the data were ordinal, the parametric
tests, normally associated with quantitative data, did not seem equal to the author’s
expectations, however, it did present the data set in a format compatible with computer
software designed to assist in the application of the Rasch-Andrich Rating Scale Model,
viz. Winsteps v3.70 © 1991-2008, John M. Linacre.

3.14.6 Winsteps Computer Software
Winsteps facilitates the importing of data sets from PASW environment, from
which it inherits all variables’ parameters, although these may be changed. Rather than
assign ordinal numbers, Winsteps transformed the response sets into probabilistic values
and proceeded to apply a range of statistical tools to report on item response behaviour,
and model FIT statistics. In this way, it was possible to profile each survey item for its
information contribution and potential to measure the underlying construct.

3.14.7 Mis-FIT Diagnosis
Each survey item contributed to both ‘OUTFIT’ and ‘INFIT’ statistics as measures
of the variance reported of actual observations from that expected by the model. The
OUTFT statistic is based on the conventional Chi Square corrected for degrees of
freedom (i.e. mean square). This measure is sensitive to outlying values, however, in a
relatively small sample such as this, outliers are of less concern as they may be
mitigated by a larger sample.
INFIT Statistics are also based on the conventional Chi-square, corrected for
degrees of freedom, but weighted by its statistical information or model variance. This
measure is sensitive to unexpected patterns of observations by persons to items, (and
items to persons), roughly targeted on them. The expected value of the mean-square
underpinning both OUTFIT and INFIT statistics is 1.00. Values greater than 1.00 are
considered to under-fit the model and contain unexpected, unrelated irregularities.
Increasing levels of under-fit reports commensurate increases in unpredictability,
commonly referred to as ‘noise’. Conversely, values less than 1.00 indicate increasing
predictability, thereby ‘muting’ the information content, tending towards item
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redundancy as values decrease. The probable cause and location of noisy and muted FIT
statistics are treated in Table 3.13.
Table 3.13 Probable sources of ‘FIT’ problems
Condition
Sensitive to Extreme observations
Sensitivity to overall pattern of responses
Extreme category Overuse
Middle category overuse
Lack of convergence
Loss of precision
Bad or Hard Items
Only answered by top people
Redundant Item

INFIT
No
More
Noisy
Muted
Noisy
Noisy
Noisy
Muted
Muted

OUTFIT
Yes
Less
Noisy
Muted
Noisy
Noisy
Noisy
Muted

Qualitatively different item

Noisy

Noisy

FIT statistics ranging between 0.5 and 1.5 are thought to be productive. Outfitting
items were examined for obvious flaws, and with sensitivity to the survey’s construct.
On expert advice, and in seeking to reduce the extent of the instrument, this ‘clean-up’
strategy set upper and lower bounds of 1.2 and 0.8 respectively. An initial concentration
on the INFIT statistics as an arbiter of useful survey items is justified for its power to
detect unexpected patterns of responses and its resistance to the influence of extreme
responses. Furthermore, larger INFIT statistics pose the greater threat to substantive
validity than larger OUTFIT statistics. By isolating each dimension e.g. numerate
behaviour, mathematical concept and attitude, in turn, the Item FIT Graphs Appendices
3.25 and 3.26, highlighted problematic survey items for closer scrutiny. Similarly the
relevant Person-Item correlation order, Appendix 3.23, reported the alignment of items
and persons and provided corroborating evidence of candidate items for reconsideration.
The ‘Clean-up’ Activities relating to the Pilot Survey are described in Table 3.14
below as an example. This is a guide to the actions taken by the author, and is presented
here to demonstrate methodological rigour. The 5 digit codes, e.g. AVM36, embed the
meanings that can be isolated or merged according to need. The initial ‘A’ marks the
item as referring to Awareness item 36. The 2nd digit, in this case ‘V’ implies that it is
concerned with Mathematics- Visibility. The 3rd digit, e.g. ‘S’ identifies the domain as
‘Space and Shape’.
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Table 3.14 Clean-up Activities
Step
1

Action
Devise an Implementation Plan and submit for expert review

2

Reverse all items identified in Initial survey item review. e.g.
(responses are ordered in reverse, the reverse of the question is not
valid – do not reverse score).

3
4

Import to Winsteps 3.70
Set conditions for FIT Graph output
Set conditions for treating Awareness items separately from
Frequency items.
Isolate groups of items by reference to Numerate Behaviour,
Mathematics Concept and Attitude
eliminate low INFIT scores – so long as it adds to the data
OUTFIT scores are not problematic at this stage
Examine Item measure and compare it with Item Map

5

5.5
6

7

8
9

10
11
12
13
14

If there are items that are not aligned with responses, consider
deleting them, If there are apparent duplicates, consider them as
candidates for duplication also
Test Item Dimensionality. Investigate evidence of Subscales

Purpose
Ensure a consistent
approach to document
version control
throughout numerous
iterations
Based on review of
Disordered in Reverse
See Table 2.6 Pilot
Survey Instrment.rtf
101018
\Winsteps Reports\Plot
Study\Winsteps Reports

Item FIT Graph
Table 13.2

Person Item Map Table
12.2

Table of Standardised
Residual Variance ,
Table 23

Document each item that has been selected for deletion and explain
Repeat steps 5 through 7 for ;
 each numerate behaviour with any mathematics concept
 each mathematics concept with any numerate behaviour
 each attitude set
Export Correlation Matrix to SPSS for CFA and PCA
Finalise Item pool
Create Online Survey version
Expert Review
Distribute Survey

The ‘Clean-up’ activities described in Table 3.14, comprised iterative elements that
produced multiple computer printouts, each reporting on the status and justification for
the removal of each item, based on the same principles. In consideration of time and
space, the author does not intend to rehearse each argument for each item here.
The interpretation of these reports is in the domain of the researcher, who is expert
in the construct and how the observations operate to inform the latent trait. For example,
the Item Correlation and Distracter Order report, Appendices 3.23.1 lists all 147
responses, together with the number of responses recoded, the estimate of the standard
error, and fit statistics, also highlighted in the Item FIT Graph, Appendix 3.23.2. The
distracter section highlights where responses are missing and the disorder of the
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responses, in comparison with the expected order. For example item 139: FOD90
(Frequency item 90, communicating about, DhandC), displays disorderly response
behaviour in comparison to expectation and is well outside the FIT tolerance. The text
of the item to which it refers, on reflection, falls short of the requirement for clarity and
simplicity:
“I reflect on the amounts and quantities aspects of a problem to gauge how
effective the solution has been. Note: Quantities can be euro, kilo, metre, yard,
mile, kph, temperature, pressure, time, KPI discounts, rates (e.g. per kilo) etc.”,

and was subsequently eliminated from the final pool of items.
However, orderly response category behaviour, while desirable, does not necessarily
underwrite the inclusion of an item. For example: POH05 (Problem Solving Item 05,
Communicating about Space and Shape), seemed to be the perfect FIT and orderly
behaviour, but this need not be constant as the removal of one item from the pool can
affect the FIT status of another. After 36 rounds of elimination, item POH05:
“I describe what I expect the solution to a problem to look like using
drawings or other shapes”,
was detected as lying outside the FIT tolerance and was removed.

3.14.8 Items Selected for inclusion in the National Survey
The Items finally selected for inclusion in the National Survey of People at Work
are presented in Appendix 3.27, having taken account of their response category
disorder and evolving FIT status as each non-performing item was removed. The profile
of the Awareness and Frequency items are contained in Appendices 3.28 and 3.29
respectively. The combination of Numerate Behaviour and Mathematics Domain items
is illustrated in Tables 3.15 and 3.16.
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Table 3.15 Awareness Items – Total at beginning = 49; Final total = 19
Response
Act Upon
Evaluate
Identify
Communicate
Workplace
Problem Solve
Invisible Maths

Mathematics Domain
Any
Any
Any
Any
Any
Any
Any

Specific Response to Any Concept Totals
Any
Quantity and Number
Any
Artifact
Any
Commonsense
Any
Pattern and
Relationship
Any
‘Mathematics’
Any
Space and Shape
Any
Training
Any
Procedure
Any
Data handling and
Chance
Any Response to Specific Concept Totals

Pre-analysis
3
4
1
2
2
8
29
49
8
5
3
8

Final no. of valid Items
2 (8d,9a)
3 (8a,8f,9b)
1 (8b)
1 (8e)
1 (10a)
4 (9c,10e,10d,10f)
7
(8c,9e,10g,9d,9f,10b,10c)
19
3 (8a,8d,10d)
2 (9d,9f)
1 (8c)
5 (8e,8f,9b,10a,10e)

7
3
9
4
2

4 (8b,9a,9e,10g)
1 (10f)
1 (10c)
1 (10b)
1 (9c)

49

19

The clean-up process reduced the initial pool of Frequency items from 98 to a final
total of 48. Their distribution across the matrix of different Numerate Behaviours in
response to different Mathematics Domains is shown in Table 3.16. The upper part of
the Table reconciles the retained items from the perspective of any type of Numerate
Behaviour in response to specific Mathematics Domains, with the lower part of the
table which takes the perspective of specific Numerate Behaviours in response to any
Mathematics Domain.
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Table 3.16 Frequency Items – Total at beginning = 98; Final total 48
Response

Concept

Evaluate
Any
Act Upon
Any
Identify
Any
Communicate
Any
Workplace
Any
Problem Solve
Any
Specific Response to Any Concept

Total

Original no.
of items
43
23
8
14
6
4
98

Any
Any
Any

Quantity and Number (Q&N)
Pattern and Relationship(P&R)
Data handling and Chance
(Dh&C)
Any
Space and Shape (S&S)
Any
Training (Tr)
Any
Mathematics (M)
Any Response to Specific Concept
Total

Final no. of
items
21
6
5
7
6
3
48

25
30
17

10
14
8

21
2
3
98

14
1
1
48

The final matrix of Numerate Behaviours and Mathematics Domains is shown in
Table 3.17, nominating each Numerate Behaviour cross-tabulated with each
Mathematics Domain, for completeness.

Table 3.17 Cross tabulation of Numerate Behaviour / Domain items retained after
Clean-up
Identify (Code Y)
Evaluate (Code E)
Act upon (Code A)
Communicate about (Code O)
Workplace (Code W)
Problem Solving (Code B)
Total

Q&N
1
4
1
3
1
0
10

S&S
1
8
2
2
1
0
14

P&R
1
7
2
1
1
2
14

Dh&C
2
2
1
1
2
0
8

Tr
0
0
0
0
1
1
2

PS
0
0
0
0
0
0
0

Total
5
21
6
7
6
3
48

This process resulted in the removal of 82 items from the original pool. The final
version of the survey was extended to 67 items, by the introduction of 2 items to enquire
about the general and personal relevance of mathematics, plus a handful of demographic
items, Appendix 3.30. The distribution of the survey, data collection, data analysis, and
findings are presented in Chapters 5 and 6.
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3.15 Ethics
As a matter of policy, all planned research activity, carried out under the auspices of
the Institute of Technology Tallaght, Dublin, must be sanctioned by the Research Ethics
Committee.

Permission to proceed is granted only after a rigorous application

procedure, Appendix 3.19, has been completed and adjudicated.

The document

granting permission to proceed with the research fieldwork is reproduced in Appendix
3.20. Examples of the Project Information provided to participants and their Informed
Consent are contained in Appendix 3.21.
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________________________________
Chapter 4: Case Studies

________________________________
4.0 Introduction
There are four case studies at the heart of this present work, two of which were
hosted by Company A, and two by Company B. That each pair of cases shared the
same organizational structure was convenient in reducing the effort to recruit and profile
potentially useful hosts in a very challenging economic environment. This chapter
describes and models each company and the case studies it hosted at increasing levels of
magnification, to identify the MKSC that underpins each job. The alignment of the
identified MKSC with the NFQ is explained, demonstrated and illustrated in each case.
The challenges of dealing with instances of Mathematics Invisibility in the workplace
are discussed and potentially fruitful approach suggested. The chapter concludes with a
summary of the case studies’ findings and the implications for the initiating research
questions.

4.1 Research Host Company A
Commercial Purpose
Company A employs 200 people to provide a document management services on the
island of Ireland. It is a very competitive business, operating in the midst of economic
turmoil in a contracting market, with a widespread fear of job-loss and long-term
unemployment. Although the ‘paperless office’ is beginning to be realized, industry
still produces very large quantities of text on paper which are legally required to be
retained for 6 years. In many cases, managing the volume of documents constitutes a
significant business overhead in terms of administration time and office space. In
addition, sensitive documents, property deeds and computer back-up media are often
required to be stored in a secure, fire-proof location off-site, as a condition imposed by
insurance providers. Company A’s customers can choose to have their documents
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and/or computer media, collected from their own premises, catalogued individually or
in boxes, stored securely until recalled, or redelivered in accordance with an agreed
schedule. Each individual item is identified by a unique barcode to enable an internal
tracking system. Every time the location of an item is changed, it must be logged by a
handheld scanning device. In this way, the computer system ‘knows’ where each piece
is stored and its movement history. New items for storage are tagged with a barcode at
the point of collection and added to the inventory on arrival at the storage facility. Error
conditions arise when an item is not found in the location indicated by the computer
system or when the movement logged is not consistent with its history. These are
recorded as exceptional items and are the subject of a separate ‘audit’ activity.
The site visited by the researcher had a storage capacity exceeding 100,000 cubic
metres, sufficient for 3 million items, files and documents, spread across two adjoining
but differently designed buildings, comprising up to 4 floors, each containing rows of
storage racks, several tiers high and several rows deep. There are secure vaults with
controlled access, specially designed to contain property deeds and computer media.
The customer base ranges across the spectrum of professions and industries, public
services and a small but growing number of private individuals. Many customers have
requirements conditioned by day of the week, e.g. to recycle computer backup media,
but storage and retrieval transactions differ from day to day, in reaction to customer
service requests. The underlying service assurance is that requests for documents
received before noon on day 1, will be delivered no later than noon on day 2. Requests
for items that are urgently required by the customer to be serviced within the hour, is an
optional, premium service and is priced accordingly. Customers may specify that items
in storage after 6 years have elapsed are to be destroyed without further notice.

In advance of being granted permission to conduct the research, the company chairman,
sensitive to the fears and anxieties of their staff regarding job-security, required that it
be made clear to the staff that:


the author had applied for permission to conduct research in the company as part
of his education



he was being supported by the company in line with their policy regarding their
social responsibilities



it was not part of any cost-cutting initiative
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those

invited to participate in the research in detail were assured of

confidentiality


their participation was voluntary, and



they could withdraw their permission at any time without any negative effect on
their part.

After a brief meeting with the chairman to re-affirm agreement on terms and conditions
of access, the author was brought directly to the Document Storage Operations Centre
and introduced to the manager. During a meeting in his office, the manager gave his
informed consent to participate in the research.

He explained the functions and

interactions of the different activities in sufficient detail to enable the preparation of a
first draft of the Business Activity Model, subsequently confirmed and refined
(Appendix 4.1). At the conclusion of the meeting, he provided the opportunity for the
author to address the personnel engaged in several different activities in the immediate
vicinity of his office, in accordance with the agreed terms and conditions. The author,
guided by the draft BAM, traced different facets of the operations in conversation with
the staff, asking questions for clarification and making corrections to the BAM as
necessary, in preparation for selecting jobs as suitable candidates for case study.

4.2 Business Activity Model – Company A
The company structure comprises seven centres of business activity, as detailed in the
BAM, Appendix 4.1.

All incoming telephone contacts are directed to Customer

Service. Calls concerning potentially new customers or new requirements for existing
customers are directed to Sales, where, in conjunction with technical input from
Administration, a Service Level Agreement (SLA) is offered to the customer, detailing
terms, conditions and price. A copy of the SLA is stored on an internal computer
network server. There may be several cycles of contact between Sales/Admin and the
customer in order to reach a mutually beneficial agreement. Service Requests are also
fielded by Customer Service personnel who, having checked the customer’s credit
status, produce a detailed Work Order, which is recorded in the Work Order Log and
stored on the internal computer network. Work Orders, whether instructions to collect
and re-file or to retrieve and deliver, or both, are attended to by the Warehousing and
Transport Activities. Collections of previously stored items are logged as being
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‘Returned’ by Warehousing and subsequently re-filed. Collections of new items are
catalogued and logged on the computer tracking system before being stored in the
warehouse. Warehouse ‘Pickers’ re-file and retrieve items as detailed in the Work
Order. Collections and deliveries are carried out by van / truck drivers, each responsible
for a geographical area or Route, although these may overlap at the discretion of the
Transport Manager, who works in close cooperation with the Warehouse Team Leader.
Billing is a largely automated function fed by the terms of the SLAs and completed
Work Orders.
The author did not consider Accounting, Payroll, Statistics, Treasury/Finance or the
Transport Management

activities as potential case studies, because of their more

obvious associations with mathematics concepts, and especially since more interesting
candidates were available, i.e. ‘Warehouse Picker’ and ‘Van Driver’.

4.3 Case Study 1 – Warehouse Picker
The role of the Picker seemed to suit the requirements of the research ideally. It
appeared to be a physically demanding job, involving lifting and carrying heavy boxes,
climbing stairs and ladders, frequently having to move several boxes to reach a
particular box. It bore the lowest status level and did not require any particular academic
qualifications. Each Picker worked alone, usually, receiving instructions in batches from
the team leader, and preparing deliveries for a delivery driver whom he did not need to
contact in the normal course of his work. There were no obvious signs of mathematics
activity. Having secured permission from the Warehouse Manager, the author selected
‘Richie’ and invited him to take part in the research. Richie is a utility warehouse
worker, at times picking, re-filing and making space available. His suitability for the
study was based on the author’s impression that his approach to his work would be
more deliberate, and more readily observed than someone whose routine was performed
at the level of automatic operations, and, perhaps unavailable or less available for
enquiry. Having read the ‘Project Information for Participants’ document (Appendix
3.21), Richie gave his informed consent to be job-shadowed and to have the
accompanying discourse recorded for later transcription, so that the fabric of the context
in which the job was performed could be captured by the author.
In every case study reported here, the author invited the worker to take part in a
National Survey of People at Work, described in detail and analysed in Chapter 5, with
triangulation described in Chapter 6. The timing of the introduction of the survey
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instrument to the worker was a difficult balance to strike. The author suspected that
completing the survey before the job-shadowing began, would remove the worker from
his/her environment for about 15 minutes. It risked stimulating a heightened awareness
of workplace behaviour, and creating a filter through which the individual might try to
give the ‘right’ impression or helpful answer. It may cause the worker to recall a formal
examination or classroom or job-application experience which could exert a powerful
influence on the individual, either positive or negative, further contaminating the
research site. In this light, and in consultation with the research supervisors, the author
decided that the ‘least worse’ approach was to begin with the job-shadowing, and, by
maintaining a conversational demeanour, create an atmosphere conducive to the worker
being able to ‘show-off’ how s/he did his/her work. The purpose of the survey was to
provide a backdrop against which the individual’s self-reported Numerate Behaviour
could be examined and compared with that of his/her behaviour as observed in the case
study, and interpreted with the support of the surrounding discourse.

4.3.1 Contextual Factors
The main function of the Picker is to retrieve a number of specific items from their
locations in the warehouse(s), and make them ready for delivery to customers in
accordance with Work Orders. The Warehouse Team Leader interrogates the Work
Order Log, extracts the orders appropriate for the shift and allocates them to individual
Pickers.

Knowledge of the type of the customers and their patterns of service orders

permits the work to be distributed fairly, taking the customers’ needs and the capability
of the Picker into account. The Picker is given a sheaf of customers’ printed Work
Orders, detailing the type and barcode of the items to be retrieved. He is equipped with
a handheld scanning device with which to download a ‘pick list’, i.e. the barcodes and
warehouse location codes of the requested items. The handheld software provides
search and sort options, in addition to verifying the identity and ownership of a
barcoded item. It is also used as a data recording device to log changes in status e.g.
from being stored in a particular location to having been retrieved in preparation for
delivery.
It is usual for the picker to have to pick 60 items within an hour. While this would
seem to represent 1 item per minute, several picks can be clustered together and easily
retrieved. In addition to fetching items from storage, the picker must reconcile the items
picked with the work order for each customer and group them for their respective
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delivery route. Each item bears, an 8 digit, item ID barcode. There may be a second ID
code to indicate a specific ‘banker box’ (cardboard file storage box), in which a file is
stored. Other codes may be visible on the item having been placed there by the
customer or by a rival storage company, having previously been stored by them. The
item tracking software permits the customer supplied code to co-exist with that
allocated by the company. In this way the internal tracking system links the item ID
Code with its last reported location, including the ID of the box in which it is filed if
appropriate. The occasional presence of rival company barcodes on the item can be a
source of mis-identification and error.

4.3.2 Environment
Fetching specific items from their locations is not helped by the layout of the storage
facilities within the warehouse complex. The storage capacity of the warehouse evolved
in response to rapidly growing demand rather than in line with a coherent location plan.
The storage racks were fitted wherever space became available and labeled with
location codes on an ad hoc basis and without consulting the Warehouse Team Leader.
Secure vaults were added, as were specialized storage racks for different kinds of
computer media. The warehouse was extended into an adjacent building to meet the
demand for more space, adding to the incoherence of the location referencing system.
By this stage of the company’s expansion, it had become impossible to reorganize the
warehouse layout and to amend the transaction history without shutting down the
facility for a prolonged period. The result is a location coding system that is not
consistent in every building, and every floor, that does not take into account the relative
distance between locations on the same or an adjacent floor, the proximity of vaults,
cargo elevator and stair wells, and the weight of the item to be picked. The location
code comprises 10 alphanumeric digits e.g. LEV118J10C to indicate Building (LEV),
and floor (1), row (18), bay (J), box position number (10) and shelf (C). The pick list,
downloaded to the picker’s handheld device, directs the picker to retrieve the next item
by reference to the alpha-numerical sort sequence, not necessarily the next-nearest item.
For example, the typical warehouse floor has 52 rows of racks, numbered 01 to 52, each
divided into 24 bays, labeled from A to X. There is a wide aisle at bay E and bay K,
permitting access for a hand-truck to adjacent racks without having to pass through at
either end. There are 3 shelves in each bay, A, B and C, rising from floor to ceiling,
each containing up to 30 boxes. Access to shelf C requires the use of a ladder. The
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picker has to notice this before entering an aisle so that he can bring the ladder with
him, rather than having to retrace his steps. Only the most highly active areas of the
warehouse are permanently lit by electricity. Elsewhere, while the light may be
switched on by the pickers, it is deemed to be inconvenient, since they may be laden
down with picked items and unable to switch the light off easily. Motion sensing
lighting was installed by the management, but removed at the request of the pickers,
because the lights often switched off at inconvenient times, not detecting the presence of
a picker searching in a box of documents. Pickers often use the light emitted by the
handheld as a torch to guide them to where they might need only one light, and not the
inconvenience of switching off many lights en-route.
Since these circumstances directly affect the pickers, each has developed his (they are
all male) own efficiencies so that he is not crossing and re-crossing the warehouse floor,
unnecessarily. He looks ahead to the next items on the pick list to ensure that he visits
an aisle only once. If a ladder has been used, he must replace it to where it will be
visible to the next picker. He may also use one of several menu-driven, look-up options
to re-sort the handheld pick list by reference to the customer in order to ensure
completeness. The scanning function of the handheld enables the picker to verify that
the correct item is being retrieved and to record its new location in order to update the
item history log. The handheld maintains a count-down clock to remind the picker of
the volume of picks remaining, which may have the sub-conscious effect of causing him
to hurry. There may be a map of the warehouse, but it could not be found, and is not
used either in training or work. Untrained persons are not allowed in the warehouse
unaccompanied. One is expected to learn the warehouse layout by trial and error.
Training is on-the-job and takes the form of progressing from accompanying an
experienced Picker, to having sole responsibility for short, and then full lists, under the
pressure of time.

Problems are solved in dialogue with warehouse colleagues or

escalated to the Team Leader, each incident adding to the Picker’s knowledge and
experience. Although they were taken into account in the development of the Work
Practice Model (WPM) for Case Study 1 Appendix 4.2, many of these factors only
came to light while job-shadowing Richie and while reflecting on the discourse
transcript Appendix 4.3.
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4.4 Job Shadowing – Case Study 1, Richie
Having received his printed customer Work Orders, Richie downloaded his pick list by
placing his handheld scanner in a cradle which is directly connected to the computer
network. There he manipulated menu options to execute the download procedure. He
could not use the wireless option, because his device was not working properly, due to
having been dropped previously, from a height of 4 metres. The downloaded pick list
was sequenced by location code in alphabetical order, together with the item ID code,
and that of its container. Richie stated that the handheld ‘does everything except the
pick’. From this standpoint, the Picker’s job would seem to be straight-forward. Richie
expressed the view that if the handheld could do the pick, there would be no need for
him. In the first instance, Richie studied the handheld pick list, occasionally consulting
the Work Orders, for an overall view of the pick. While the sequence of the pick list is
a helpful guide, it does not cater for the design flaws of the warehouse facility and its
labeling system as previously described. The Work Orders also informed him about the
van drivers he is preparing the deliveries for, and what their preferences are. He noted
the combination of buildings, floors, vaults, boxes, cartons, files, deeds, tapes and so on,
that was involved in his workload and planned the sequence of his work accordingly.
Richie did not follow the handheld pick list rigidly. For example, he noticed that some
of the requested items had been recently returned, soon to be re-filed, and as such may
be located in a particular and convenient area, i.e. the ‘re-file’ table, which he checked
first. This was more likely to achieve a positive result due to recent surrounding
circumstances in which the re-filing personnel had been temporarily re-assigned to other
duties, allowing the volume of returned files to build up. Then he made his way to the
next nearest location by making the most efficient use of the access routes, location of
stairs and gaps in the racks, displaying an impressive degree of spatial awareness in
multiple dimensions.
The interpretation of a simple monomial such as the algebraic location code, in the
context of the warehouse and its physical constraints, guided Richie to the storage bay
and shelf, but no more. To find the specific item, Richie engaged in an activity that was
quite different from finding a uniquely identified storage bay. Depending on the rack
design, a shelf could contain up to 30 boxes, arranged in 9s or 10s, 2 or 3 deep, at floor,
waist or head height, such that only the front 9 (or 10) boxes were visible to the scanner.
Richie was faced with 2 options; he could scan each barcode until he heard the single
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toned ’beep’ signaling the correct box, or he could search manually. Either option
involved moving boxes to access the next tier, which was particularly hazardous when
searching on the top shelf. The scanning option was likely to return the multi-toned
‘error’ sound, but, as this could be caused by scanning a rival company’s barcode, it
would need to be re-scanned. Richie chose instead to memorize the barcode and search
for it, reasoning that although there are 8 digits in the barcode, he need only remember
the 4 lowest order values, because the “whole barcode would be the same, except for the
last 4 digits”. This search routine is unavoidable, given the imprecision of the location
code. However, the necessity to move boxes can create an error condition – if one or
many boxes, having been removed to find a hidden box, are incorrectly replaced. The
tracking system will continue to report the original location until a ‘new’ movement is
logged.
When, on occasion, an item was not found at its recorded location, Richie adopted a
search strategy, by applying his knowledge of the system and how previously mislaid
items had been found, WPM, task 9. He checked adjacent shelves, where the box may
have been placed temporarily and forgotten about. If it had been a file, he would have
checked the re-file area. He scanned the boxes in the bay to check if they were in their
recorded or ‘correct’ location. Had they not been, he would have checked their recorded
location, to see if the boxes there had become mixed up during the re-filing process. He
looked up the transactions that were reported around the same time-stamp as the
‘missing’ box to see if it had become mixed up with other transactions. Failing that, he
looked up the report of exceptional movements to see if there was a match for the
missing barcode. In the event of any search being unsuccessful, he is required to log a
‘NF-Not Found’ status to the items history, for the attention of a specialized search
team. It is in Richie’s interest to try and find the missing item. Should an item that he
reported as NF be located easily, he may attract the suspicion of the Team Leader that
he was either incompetent or not interested enough to complete the task properly. This
is a fine judgement call on his part as he cannot afford to devote too much time to
finding mislaid items at the expense of retrieving other items on the pick list. The
consequences of failing to retrieve an item extend to the delivery van driver, who would
have to explain to the customer why their service order had not been fully satisfied.
As the pick continued, he looked forward on the list to ensure that he did not have to
revisit the same location. He re-sorted the list by reference to the customer to check
whether more items were required from the same box by the same customer.
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Furthermore, he did not accumulate the retrieved items and carry them from place to
place, gathering in volume all the while. Instead, he segregated them by customer and
placed them in strategic locations on each floor, near the stairwell or the cargo elevator,
so that he could collect them all together and bring them to the ‘Goods
Inward/Outward’ area of the warehouse in preparation for delivery.
In the Goods Inward/Outward area, he reconciled the quantity of items listed on the
customers’ Work Orders, with the quantity of items retrieved, by comparing the
respective item counts. Satisfied that all of the items required had been accounted for,
he placed the items comprising each completed work order in the appropriate delivery
route bay, scanning each item again to record their latest location i.e., in the route bay,
awaiting delivery. Sensitive documents and Computer Backup Media for delivery, were
left in their respective secure vaults, but segregated into the appropriate delivery route
bay for the convenience of the van driver. Finally, he returned to the Warehouse Team
Leader’s desk to upload the latest location information from the scanner to the item
history log and to receive a new assignment. Informed by the job-shadowing experience
and having studied the surrounding discourse transcript Appendix 4.3, the author
refined the WPM, and numbered each different job step for reference purposes and as a
precursor to a closer examination of its constituent tasks.

4.4.1 Detailed Task Analysis
The author proceeded to pick apart the Picker’s activities in order to disentangle and
identify the MKSC that underpinned each task element. This was achieved by listing
each element in the sequence in which it was performed, accompanied by a description
of the task as an action performed by the Picker, and separately as it may be perceived
as belonging in a particular mathematics domain. The resulting Detailed Task Analysis
(DTA)-Sequence, Appendix 4.4, shows a job-step/task number, its description and an
indication of relevant mathematics domains as perceived by the author’s ‘Mathematical
Eyes’. That many tasks could be justified as belonging to more than one domain was
immediately apparent and noted for possible implications for other cases. This reductive
approach enabled the task elements of the DTA-Sequence to be regrouped by reference
to their mathematics domain. The completeness of the DTA-Domain reports,
Appendices 4.5 - 4.8, was verified by reconciling the quantity of tasks listed in the
DTA-Sequence report, with each individual DTA-Domain report.
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This provided a sound platform upon which the MKSC underpinning a specific job
could be aligned with the National Framework of Qualifications, NFQ.

4.4.2 Align the underpinning MKSC with the NFQ
The application of the BAM, WPM and DTA tools, culminated in 4, domain-specific
profiles of the mathematical underpinnings of the performance of work in Case Study 1,
together with a wealth of relevant contextual information.

By viewing this as a

portfolio of evidence of mathematical knowledge, skills and competence displayed by
the worker, the author proceeded to apply the FETAC-NFQ Alignment Protocol
appropriate to each mathematics domain, Appendices 3.15 – 3.18, respectively.
In line with the FETAC Policy on the Recognition of Prior Learning (Further Education
Training and Awards Council, 2009), the author compared the DTA-Domain profile
with FETAC-NFQ Alignment Protocol, referencing each mathematics domain in turn,
to determine whether they had been demonstrated or could be inferred, taking
surrounding contextual and ‘Mathematical Eyes’ factors into account. In this way, the
DTA-Domain profiles were annotated with the ID and level code of the SLO, so that on
aggregate, the level of mathematics activity could be determined for each mathematics
domain of Case Study 1, Appendices 4.9 – 4.12.
In the case of each domain for Case Study 1, it is readily perceived that while some
SLOs are clearly visible or inferred, there is no evidence available for others. This is not
to indicate that the worker is not capable of, or has not mastered the requirements of
these SLOs. It simply underlines that mathematical activity in the workplace is acquired
and used for its own internal purposes, and not with a view to claiming recognition or
accreditation. In contrast, the FETAC SLOs are grouped by complicatedness, on the
assumption of graduated degrees of difficulty, each building on its preceding level
having been accomplished in full, in preparation for study at the next, higher level. The
implied impasse is that the although there may be evidence of mastery in the workplace
of a proportion of SLOs calibrated at different FETAC levels, full accreditation is not
awarded unless all the SLOs, specified for a particular award are met – although it is
possible to gather accreditation incrementally. Since the knowledge skills and
competence requirements developed in response to workplace demands are not
purposely aligned with FETAC learning outcomes, it may occur that some, but not all,
SLOs are met at several levels, but none completely. For example the knowledge and
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skills to differentiate between an integer and a real number is a key SLO at fairly low
levels of mathematics accreditation, but is seldom required in the workplace, especially
in low-skilled, low-paid jobs. Under this constraint, only Quantity and Number, Space
and Shape, and Pattern and Relation warrant accreditation at Level 1 for Case Study 1.
Data handling and Chance gives evidence for only half of the SLOs at this level, even
though an SLO at a higher level is clearly demonstrated, Figure 4.1.

NFQ Level

Case Study 1 Mathematics - Potential Accreditation
10
9
8
7
6
5
4
3
2
1
0
Q&N

S&S

P&R

NFQ Award Level

Dh&C

Evidence Available

Figure 4.1 Company A Case Study 1, Mathematics Knowledge and Skills
aligned with the National Framework of Qualifications.
The Mathematical Knowledge and Skills evidenced in the Workplace DTAs may be
formally recognized at level 1 (blue line), in every domain except Data handling and
Chance. Were it possible to recognize the mastery of only some of the SLOs at a higher
level, the alignment with the NFQ would still fall short of level 2 (red line), in this case.
The Competence strand of the NFQ, described in Chapter 2, is assumed to be embedded
in the curriculum and accomplished in line with the FETAC SLOs level, although it is
neither explicitly taught nor assessed. In practice, the recognition of Knowledge and
Skills assessed at any given level, accredits Competence in Context, Role, Learning to
Learn and Insight at the same level, even if it is demonstrably different. On this basis,
and by aggregating the 4 domains into mathematics in the interest of clarity, the formal
recognition of the MKSC at the service of Case Study 1, is depicted in Figure 4.2, at its
most optimistic.
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Case Study 1 Mathematics - Likely Accreditation
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Figure 4.2. Company A, Case Study 1, Mathematics Knowledge, Skills and the
Competence Strands of Context, Role, Learning to Learn and Insight standard interpretation.

However, it is clear from the discourse transcript for Case Study 1, that competence, in
terms of Context, Role, Learning to Learn and Insight,

may not be assumed to align

with the level of difficulty of the mathematics employed. In consultation with the NFQ
Grid of Level Indicators 1-5, Appendix 3.1, and informed by the evidence available in
the discourse transcript, the author interpreted that the competence displayed by Richie
in Context, Role , were consistent with level 3, whereas Insight was at level 6. Learning
to Learn is described by the NFQ as occurring wholly and solely within a structured
learning environment, and can be credited to Richie, at the lowest level. This
interpretation of the NFQ’s provisions, presents a rather different, and perhaps more
complete, worker’s profile, Figure 4.3.
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Case Study 1 Evidence-based Interpretation of the NFQ
10

NFQ Level

8
6
4
2
0
Knowledge

Skills

Context

Role

Learning to
Insight
Learn
Observed NFQ Level

Figure 4.3. Company A Case Study 1, Evidence-based interpretation of the NFQ
provisions to represent the underpinning MKSC.
The knowledge and skills levels represented in the graph, Figure 4.3, equate with the
level of complicatedness of the mathematics underpinning its constituent tasks, Sections
4.2.3 and 4.2.4. However, it can be seen for the Job-Shadowing of this case study,
Section 4.2.2, that competence in context and role align with a higher order provided by
the NFQ guidelines. Learning is condition by having to occur in formal settings, which
equate with the Knowledge and Skills likely accreditation level. Striking is the degree
of insight displayed by the worker, which may point to another type of competence in
the workplace, Chapter 7: Emergent Issues.

4.4.3 Mathematics Invisibility
In the early stages of this research, the author struggled to find an approach to deal with
Mathematics Invisibility, and whether or how it might be experienced by the worker.
There were several issues. The author was reluctant to introduce the term ‘mathematics’
or pointedly refer to mathematical interpretations of the worker’s actions so as not to
influence the worker’s discourse. Mathematics invisibility is a subjective experience,
unique to the individual. It is a comparative of what is seen relative to what is available
to be seen, which itself is a subjective judgement and not amenable to any absolute
measure. To equate the absence of mathematical language with the absence of
mathematical activity may lead to erroneous conclusions since mathematical activity
may occur as a heuristic, expressed in informal, locally specific language. For example
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in the warehouse, a ‘tetris job’ meant to re-pack a variety of shapes of goods, tightly,
into the minimum amount of space, taking account of weight, stability and fragility
while retaining ready accessibility. Richie was able to evaluate accurately the space that
would become available after a ’tetris job’ had been completed, even though the area
seemed to the author to be almost full to capacity.
Reflecting on the case study selection criteria, that the level of MKSC underpinning
Case Study 1 barely registers on the NFQ is not surprising, yet that does not seem to do
justice to the MKSC required to do the job. Rudimentary knowledge of the alphabet
and its sequence, in addition to being able to recognize and count 2-digit numbers was
sufficient to locate a single storage bay from a given starting point. Doing this
continuously, connecting multiple nodes or collection points, in multiple dimensions,
given a number of constraints, under pressure of time and precision, involves something
rather more than the application of simple skills and uncomplicated knowledge in a
simple context. Resolving ‘missing item’ problems, required him to place himself in
another person’s position to imagine how an error might have occurred, in a highly
controlled system. The requirement to be precise carries with it the possibility of both
immediate and delayed consequences. Misplacing an item amongst several millions of
similar items may make it impossible to find, with possibly serious consequences for
the customer and the employer. Replacing property deeds, that had been lost by the
company for example, could cost half his annual salary, the cost to the company’s
reputation could be many multiples more. That the picker has the lowest status in the
company does not relieve him of the responsibility of having handled the item last. The
point is, that while the MKSC that underpin the work practice may be at aligned with
the NFQ a relatively low level, it seems that the context may have a quite significant
impact on the way in which they are used. Many jobs may similarly use relatively low
levels of MKSC expressed in contrasting contexts.

It may be that calibrating the

underlying MKSC in terms of degree of difficulty alone fails to capture other, crucial,
factors which may say something about what the worker knows, as distinct from what
s/he does, and that that should and could be recognized.
Providing the driver with an incorrect or incomplete inventory for delivery, would
necessarily delay the driver, and perhaps place him/her in a difficult position in relation
to the customer. Providing the incorrect computer backup media to the customer, at the
very least would inconvenience the customer, and cause the driver to abandon his
delivery schedule, to return to base to resolve the problem and re-deliver the correct
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item, thus extending the driver’s day unnecessarily. That the driver is required to
complete his work, however long it takes, may result in interpersonal conflict in the
workplace and all that that entails, and may persist over an extended period. However,
as these issues emerged from having observed a single, especially selected job, they
form a weak basis for the formation of an hypothesis, but, in keeping with BTCSR, they
may constitute useful points to ponder when reflecting on the case studies that followed.

4.5 Case Study 2 - Van Driver
Employed by Company A, JOC described himself as ‘only a van driver’.

In

consultation with the Transport Manager, he was selected as a suitable case study
because his main function comprised the delivery of items that had been retrieved from
storage in the warehouse, to the customers who requested them. He may also be
required to collect items from customers and return to the warehouse to be placed in
storage. His delivery route is busy and mainly concentrated in central and south-central
Dublin City. He receives his instructions in the form of printed delivery/collection
Work Orders, extracted from the Work Order Log, by reference to customers’ assigned
route code. Services ordered before noon on day 1, must be delivered no later than noon
on day 2. He is equipped with a handheld scanner / data device, to which his workload
can be downloaded as in Richie’s case (Case Study 1). Additionally, work can be
assigned to him by the Transport Manager to relieve the pressure on other delivery
routes. He is required to complete the work assigned to him in each day regardless of
how long it takes. In order to meet the morning delivery service requirement, JOC’s
working day begins at 7.00 a.m.

4.5.1 Contextual Factors
There are dozens of customers located in JOC’s delivery route, each requiring
different frequencies and types of service. They may fully or partially occupy one or
several buildings. Many offices are located in Georgian Buildings, which, as a legacy of
the early 19th century architecture, feature narrow staircases especially to the upper
floors, and seldom provide an elevator of any kind. They differ in their access and
security protocols, provision of delivery bay, parking, and formalities, which on
occasion conflict with Company A’s custom and practice. They may be situated where
legal parking is conditioned by time of day and/or side of the road. In the case of
computer backup media, delivery and collection may need to concur for the sake of
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efficiency, but may be subject to the most recent backup being ready for collection.
Traffic density in the city fluctuates to reflect school terms, industry specific fixed
holiday periods, road works and the prevailing weather conditions – rain tending to
increase traffic volumes. Customers are continuously canvassed by rival document
management companies offering competitive pricing and service guarantees. This
places JOC in the ‘front line’ to maintain customer satisfaction and to cultivate a
measure of loyalty by providing an efficient, professional and friendly service. On
occasion, JOC may be asked to collect items for storage for which there is no Work
Order or that is not addressed in an existing Service Level Agreement (SLA). While
JOC may exercise some latitude for long-standing customers, providing a service
outside an SLA could create difficulties for himself and his employer. At the same time,
declining such requests can annoy the customer and give rise to complaints which are
subject to disciplinary proceedings. JOC’s van is fitted with a GPS transponder, which
reports his exact position, speed, engine status, and dwell time at any location. There are
a number of designated ‘red’ zones, including around his home, which he is not
permitted to enter without prior permission. Breaches of this condition are automatically
reported to the Transport Manager, who may initiate disciplinary action at his
discretion.

4.6 Job Shadowing - Case Study 2, JOC
The Work Practice Model, Appendix 4.13, for Company A, Case Study 2, was
prepared with the benefit of having job-shadowed JOC for several hours in the course of
his work, and having studied the transcript of the surrounding discourse, Appendix 4.14.
In the close confines of the van over the period of the study, other non-job related topics
were introduced by both parties and discussed, with the intention of diffusing the
Observer-Observed dynamic which may have arisen, and to maintaining a frank and
open dialogue instead.
Having been introduced by the Transport Manager, the author explained the nature
and purpose of the research and asked him to participate. Having studied the Project
Information for Participants, JOC provided his Informed Consent, Appendix 3.21, to be
job-shadowed and to have the accompanying discourse recorded.
JOC’s workload comprised collections/deliveries for customers located in the part of
the city assigned to his route. He received his instructions in the form of printed,
itemized Work Orders that had been extracted from the Work Order Log and assigned
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to him by the Transport Manager. In addition, he downloaded the item details, including
item barcodes and their locations e.g. route bay or vault, to his handheld scanner / data
recording device. The Work Orders itemized deliveries and collections, scheduled for
completion either before or after noon, scattered throughout the geography of JOC’s
delivery route. While there were regular and frequent customers, the combination is
never the same, meaning there can be no fixed, optimal route. Included in the day’s
work was an AM delivery for a customer, whom JOC knew would be serviced by the
‘bulk truck’ later the same day. The ‘bulk truck’ service collects and delivers quantities
of storage boxes that exceed the capacity of the regular van. In an effort to minimize his
workload, he contacted the ‘bulk truck’ driver to negotiate the handing off of his
Worker Order to them. It transpired that they were either unwilling or unable to oblige
him. He used his knowledge of the customers to determine flexibility in the delivery /
collection time, before segregating the Work Orders into two separate piles i.e. a.m.
and p.m. He then concentrated on the a.m. pile, sporadically re-ordering them into
viable delivery sequences, evaluating the implications, taking some variables into
account. He explained that there were no official guidelines as to how to work out the
most efficient route and that every driver had their own way. He preferred to arrange
his customer calls in a loop, finishing back at the base in time to unload the van of
collections, have lunch and to prepare for the p.m. schedule. This meant that he would
pass customers’ premises on the outbound leg of his route, because they were located on
the side of the road that suited the return leg. He factored in that some computer backup
media might not be ready for collection in time to suit his ideal schedule, and that
several locations in the city permitted vehicular traffic or parking within strict time
limits. Finally, having taken into consideration one-way streets, culs-de-sac, traffic
congestion due to road works, traffic volume due to schools’ term time, and the
weather, he settled on an initial delivery schedule capable of responding to change.
The delivery schedule determines the loading sequence of the van on a ‘Last In –
First Out’ (LIFO), basis in principle, but this must be tempered by the stability of the
load starting out and take account of the, as yet, unknown return load. Stability is
crucial, since, should boxes of documents topple over while in transit, they may become
mixed together and require extensive efforts to re-sort them, at least delaying the
delivery and disappointing the customer. The ‘rule of thumb’ is that deliveries are
stacked at the rear doors of the van, collections at the side door, but this adds to
instability in the event of a sudden stop.
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Taking each work order in turn, JOC checked that all of the specified boxes, files
and documents were located in his delivery route bay. It seemed that two boxes were
missing. He consulted his handheld scanner to check that the boxes had been retrieved
from the warehouse and placed in the delivery route bay the previous day, in case there
had been some oversight or amendment. Thus assured, he searched adjacent bays, and
found the missing items, explaining that on occasion, boxes are moved for any number
of reasons and not always properly replaced. He did not move them back to his own
route bay, instead making a mental note of their location. Since the cycle of computer
backup media features on a daily basis, he made his way to the media vault, bringing a
small trolley for convenience, and being conscious of his occasional back-pain. The
Picker had previously segregated the tapes, drums and disks into an area of the vault set
aside for delivery bays. JOC selected computer media transport case, and scanned the
item ‘into the case’ to record their new location as ‘in transit’. Different sized and
shaped media were stored in appropriate transport cases, and two items were already
contained and locked into a specially designed container. The media transport cases
were loaded onto the small trolley and brought to the route bay, having collected some
deeds from the document vault along the way. JOC assembled two document storage
cartons, from their flat-pack form, in order to contain loose files and documents for
security in transit. While the company provides large plastic containers for this purpose,
JOC refuses to use them because he considers them to be in breach of the health and
safety guidelines for the safe handling of heavy and relatively wide containers. This
view brings him into conflict with the Transport Manager; JOC’s primary concern being
that should he be unable to work as a result of handling these plastic containers, the
company would not pay him or his medical bills.
Now that all the items for delivery had been verified as being gathered in the route
bay, JOC reversed his van into the Goods Inward/Outward area and loaded the
deliveries ensuring stability and LIFO. He selected the status ‘truck validated’ from a
menu of options on his handheld and scanned each item from the delivery bay ‘into the
van’, in preparation for effecting the deliveries/collections specified on the customer’s
worker orders. Whether distracted by the presence of the author, it later transpired that
he did not load the two boxes that had become misplaced in an adjacent route bay.
Before leaving the warehouse, he checked with customer service to see if there had been
late changes. While it is the responsibility of customer service to inform JOC, he takes
the initiative because he bears the added inconvenience of having to retrace his steps if
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late changes are communicated to him while he is en-route. He also collected a wireless
printer so that he could issue receipts to customers.
The morning rush hour had already begun by the time JOC started out from the
warehouse depot. He passed several customers on the basis that they were either on the
‘wrong’ side of the road or would not be ready. The steady flow of conversation on
occasion was suspended every time he approached an intersection, as his attention was
drawn from the automatic performance of driving habits to paying closer attention to
traffic flow, lane position and gear selection, in order to execute a maneuver. On arrival
at each customer, he used the facilities provided or the most convenient, legal parking
place, taking note of the time conditions particular to loading activities, even though
these were often flouted by common practices. He selected the relevant Work Order and
loaded a hand truck with the boxes for delivery, scanning each item to record a
‘delivered’ status.

For the delivery of computer media, he brought the entire media

transport case to the customer and scanned them as ‘delivered’ when they were handed
over to the customer. These procedures deviate somewhat from Standard Operating
Procedures (SOPs), having been modified by JOC as a result of his worked experience.
Since the SOPs were created and maintained by individuals who have no experience of
doing the job nor of the variety of customers requiring special treatment, JOC feels
obliged to use his ‘commonsense’, enhanced by experience to provide the customer
with the service requested while minimizing the risk of error. When the hand-over was
complete, the customer signed the printed receipt and was provided with a copy,
detailing the barcodes of the individual items delivered. The signed receipt was attached
to the original Work Order, as evidence of completion. Items being returned to storage
were scanned as being ‘collected’ from the customer, receipted and loaded in the van. In
the case of items that were new to Company A, JOC issued new barcodes and attached
them to items, recorded them on the scanner and printed a receipt for the customer,
before returning them to the van. In one case, there were many more files to be
collected than originally ordered by the company. JOC made a judgement about
whether the van would have sufficient capacity to accommodate the extra items, along
with the volume of items scheduled to be collected as compared with the risk to the
relationship of refusing, as instructed by the SOPs. Each customer visited had its own
rules of access, and sensitivities to which JOC made an appropriate response. He was
very particular concerning legal documents since there had been an incident where a
client’s file had been delivered to the opposition’s legal team in error.
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The experience of a particular customer alerted JOC to the likelihood that the computer
media due to be collected might not be ready. Because this had been a frequent
occurrence, the customer-contact person had undertaken to inform JOC by phone when
the item was ready for collection. This was a welcome, but unofficial arrangement not
sanctioned by the SOPs and it did save time. Due to recent changes in personnel, the
promptness of making media available for collection at the agreed time, had
deteriorated, passing the initiative to JOC to make contact by phone to check on the
customer’s readiness, when the pattern of his delivery route suited. However, it was
incumbent on JOC to attend the customer in person as required by the Work Order,
whether the media was ready for collection or not, because it was a billable transaction.
During his shift, JOC was assigned extra collection duties by the Transport Manager,
causing him to review his planned schedule to accommodate additional locations. On
arrival at one customer, it became apparent as a result of comparing the Work Order
with the items for delivery, that some of the boxes ordered by the customer had not been
loaded onto the van. He checked the contents of the van without success. His handheld
scanner reported that the ‘missing’ items had been ‘truck validated’, i.e. loaded onto the
van. It was only then he recalled the items that had been misplaced in an adjacent
delivery route bay and that he had neglected to return them to their proper location
before loading the van. He first contacted the warehouse to verify that the goods were
still there. He also remembered that he had a call scheduled for the customer in the
afternoon shift. Rather than arrive with an incomplete delivery, drawing attention to his
error, he decided to include all of the boxes in the afternoon delivery.
The job-shadowing had caused a delay of about 30 minutes to the driver’s schedule,
who was already under pressure due to a heavy workload. On being requested to
complete the survey, the driver demurred, on the basis that he was already significantly
behind schedule. He counter-offered to reply to the survey items read out by the author
after the last customer and before reaching the warehouse. Since his participation in the
survey was crucial to the development of a strategy related to the measurement of
Mathematics Invisibility, the author agreed to his suggestion with the proviso that there
would be no elaboration or explanation of the text or intent of the survey items.
Furthermore, the author promised to explain a little more about the purpose of the
research once the case study had been completed.

Having fed back to the driver the

breadth of his Numerate Behaviour, the driver, sitting taller in his seat, handing his
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mobile phone to the author said, “ would you ring my wife and tell her I am not
stupid”.
On his return to base, JOC unloaded the van and scanned each item into the re-file area,
in readiness for the warehouse team to relocate files in their original storage boxes,
secure deeds and computer media to their respective vaults, and boxes to whatever
space was available. He uploaded the contents of the data scanner to update the items’
storage and movement history log and returned the annotated Work Orders, together
with their attached receipts to the Transport Manager. The richness of the discourse
which accompanied the job-shadowing of the van driver, permitted the drafting of a
more precise WPM, Appendix 4.13, with each step numbered as reported in Section
4.2.3, as a prelude to a more detailed description of the component tasks and subtasks.

4.6.1 Detailed Task Analysis
In keeping with the process applied to the Picker, the author produced a Detailed
Task Analysis, identifying the underpinning Numerate Behaviours in the sequence in
which they occurred, indicating their appropriate Mathematics Domains, as perceived
through Mathematical Eyes, Appendix 4.15. This enabled the author to re-group each
task and subtask according to Mathematics Domain, resulting in DTA for each of
Quantity and Number, Space and Shape, Pattern and Relationship, and Data handling
and Chance, Appendices 4.16 to 4.19, in preparation for the alignment stage.

4.6.2 Align underpinning MKSC with the NFQ
The same FETAC-NFQ Alignment Protocol as in the case of the Picker, was applied
to the DTA-Domains for the Van Driver with the outcomes shown in Appendices 4.20 –
4.23.

The formal recognition of prior learning, in keeping with the existing policy,

permits the accreditation of JOC’s use of MKSC in work at level 1 (blue line), even
though higher levels of Knowledge and Skills were demonstrable (red line), Figure 4.4
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Figure 4.4 Company A, Case Study 2, Mathematics Knowledge and Skills
aligned with the National Framework of Qualifications.
As with Case Study 1, and in keeping with the practice of assuming that the level of NFQ
Competence is determined by the recognised levels of Knowledge and Skills, the workplace
MKSC profile for JOC is set at the level at which the appropriate SLOs are met, rather than
reflecting many aspects of the variety of context in which his job is set, Figure 4.5.
Case Study 2 Mathematics - Likely Accreditation
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Figure 4.5. Company A, Case Study 2, Mathematics Knowledge, Skills and the
Competence
Strands of Context, Role, Learning to Learn and Insight, - standard
interpretation.

In contrast, an interpretation of the accompanying discourse, taking the range and
variety of contextual variables into account, would seem to be more fully represented in
Figure 4.6, based on evidence provided 4.3.3 and relevant appendices on accompanying
DVD.
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Case Study 2 Evidence-based Interpretation of the NFQ
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Figure 4.6. Company A Case Study 2, Evidence-based interpretation of the NFQ
provisions to represent the underpinning MKSC.
Whether the difficulty of the mathematics knowledge and skills are more accurately
assessed at level 1 or 2, is not the central point here. It is that the contexts in which they
are deployed are multiple, variable and unpredictable. JOC occupies a role that has
responsibilities to his employer and co-workers, and fellow road users. He is required
to adopt different approaches to suit different customers, their requirements and
regulations, even when they are in conflict with his employers standing instructions, in
order to maintain a competitive edge in the face of stiff and persistent competition. His
insights are highly developed in contact with customers and in reconfiguring his
delivery pattern in response to dynamic conditions. Even though the formal conditions
imposed on Learning to Learn restricts this aspect of JOC’s Competence profile to level
1, interpreting these contextual factors within the provisions for Competence in the
NFQ Guidelines, Appendix 3.1, suggests a more complete profile of the MKSC
displayed in Case Study 2, Figure 4.6.

4.6.3 Mathematics Invisibility
There was very little overt evidence of the use of mathematics in the course of this
case study. While JOC identified, evaluated, acted upon and communicated about
mathematics containing information, in order to manage his work, and solve problems,
these facets were not easily distinguished from other information contained in the
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performance of his work. The use of mathematics terms was present in the discourse,
but in a sense loaded with social rather than mathematical meaning – or so it seemed.
The extent of his acknowledgement of the mathematics dimension to his work was not
palpable, even though it was visible to ‘Mathematical Eyes’. His attention was on
meeting his objectives, in the optimal amount of time, albeit supported by multiple,
highly practised routines and thought processes, honed over the years to the point of
being automatic operations. Similar to Case Study1, the role of MKSC in Case Study 2
seemed to be accurately pitched at the lowest levels of mathematics when described in
terms of difficulty alone. However, there seems to be corroborating evidence that low
level mathematics knowledge and skills alone, does not equip the worker to do their
job, because of the range of factors that influence how that MKSC is expressed. This
was an early herald of the absence of a framework with which to calibrate and talk
about the multiple, unpredictable facets that impinge on the deployment of MKSC in
the workplace.

4.7 Research Host Company B
Commercial Purpose
Company B supplies electronic components to the communications industry in the
wholesale, rather than the retail, sector. Its services create and programme devices to
meet specific requirements and/or re-programme generically manufactured computer
switches and plug-ins as clones. It imports more than 1200 different devices in bulk and
exports them in smaller quantities on demand. The accuracy of the demand forecast is
crucial, and must balance the length of the supply lead time, with the risk of having outof-date devices in stock for which there is no demand. The value of seemingly identical
components ranges from a few cents each to more than a thousand Euro, depending on
their functionality and internal programming. The overseas operations are treated as
internal customers and may be required to re-supply sibling organizations under the
conditions of being over-stocked or more advantageously positioned logistically. Their
reputation for precision is core. They must ‘get it right’ first time and every time since
the cost of error can be hugely disproportionate to the type of error. For example, the
supply of an incorrect component to a customer, even though it may be functionally
identical, may alert them to a cheaper alternative, which may have the effect of
damaging customer relations and profit margin. This is a dynamic industry where
standards change rapidly and customer loyalty is liable to seek lower cost economies.
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Profit generated by the quick turnover of purchases to sales can be undermined by slow
paying debtors, which in turn restricts cash flow and inhibit supply, which can be
catastrophic for this type of company.
Initial contact with Company B, although seeming to appreciate the nature and
intent of the research, the Chief Executive Officer (CEO) and proprietor expressed
doubts that any of the activity conducted at their Dublin Headquarters would be useful.
He explained that at its inception, all of the company’s activities e.g. importing for resale, research and development, integrated circuit board production and device reprogramming took place in one premises. In the meanwhile, the company had expanded
to a presence in 13 international locations, the majority being outside the European
Union. The bulk of research and production has been relocated to the overseas
locations, while Management, Credit Control, Customer Service, Finance and some
supply functions remains in Ireland, for the convenience of the proprietor. While this
did not seem to be very promising at the outset, the author persisted in his request for
permission to carry out the research. This was granted, subject to conditions similar to
those required by Company A and satisfied in the same way. The research took place
over a number of site visits, in order to coincide with high levels of activity and at the
convenience of the participants.

4.8 Business Activity Model
The Business Activity Model (BAM) for Company B was developed in consultation
with the CEO, in the most superficial terms, but enough for a first draft. The model was
refined and finalized in discussion with the Finance Manager, Customer Service and
Warehouse personnel, producing a model that reflected their different yet coherent
perspectives, Appendix 4.24.
As might be expected of a small operation, albeit with global reach, the business
activities depicted are very well integrated and interdependent, in a matrix, rather than
silo structure, especially regarding Purchasing and Stock, each of which are closely
monitored by Finance Management. Purchasing decisions are the responsibility of
Finance Management, supported by Customer Service and influenced by the sales
volumes reported by the sibling companies and the consumption trends that they
indicate. However, Purchases can only be completed so long as Company B is in good
credit standing with its suppliers. This requires payment for previous shipments within
the agreed credit terms. The capacity to meet payments schedules is directly influenced
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by the company’s ability to meet the orders to supply their own customers, both internal
and external, and to collect the monies due from their debtors in a timely fashion.
Every precaution is taken so that Company B’s customers have no grounds for delaying
payment of their invoices e.g. through error or omission. Orders from customers who
are in default of their credit terms as determined by Finance Management, are delayed
or not processed pending settlement of their account.

Company B maintains its

liquidity by assiduously attending to collecting monies due from their customers before
having to settle accounts with their suppliers. Otherwise, the burden of financing the
capital overdue from debtors pares back the potential for profit. In sum, Company B
must predict the expected orders from customers, secure the relevant supplies on credit,
fill the orders accurately and deliver them on time, collect the money due and pay
suppliers before the next cycle can begin. Key in this setting is the interaction between
the Customer Service Personnel and Warehouse Operatives. That the latter appeared to
be dominated by manual handling, and the former featuring interpersonal skills, seemed
to offer two ideal case studies for the apparent absence of overt mathematical activity.

4.9 Case Study 3 - Customer Service
Louisa, having agreed to participate in the research, described her job as ‘Customer
Service’, which, on first contact seemed to encapsulate her function. She shared the
telephone answering duties with an adjacent colleague, redirecting callers to individuals
within the company. As the author sought to clarify the BAM and to develop a WPM
for the role of customer service, the extent of Louisa’s knowledge of, and involvement
in, the company and its activities began to emerge.

4.9.1 Contextual Factors
Company B has developed manufacturing and supply facilities in 13 countries in
order to compete in what is a worldwide competitive market. While the overseas offices
are largely self sufficient, they collaborate to optimize their purchasing power in
negotiating price and to minimize their exposure to slow-moving stock, with the Dublin
Office at its hub. Company B has negotiated exclusive agreements with a relatively few
manufacturers, to supply particular, although not unique, components to the market.
Potential buyers are scattered throughout Europe and the rest of the World.

The

‘customers’ that Louisa deals with range from global companies that are household
names, to substantial manufacturers and

consumers of electronic communications
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hardware in virtually every country in the World. Given the distribution of time-zones
involved, Louisa’s job is not confined to regular office hours.
Consequently, time is of the essence, supported by her command of the current
stock positions in terms of type, quantity and cost price, together with the relative cost
of effecting delivery of the same components to the same customer from different parts
of the world. She has worked with Company B from its modest beginnings and, with no
formal training, has developed and configured a standard accounting software package
to meet their stock control and order processing needs. While she has no responsibility
for collecting the company’s income, she is pivotal in enabling transactions to be
completed so that revenue can be maximized at key points in the company’s financial
cycles.

4.10 Job Shadowing – Case Study 3, Louisa
Job shadowing Louisa was particularly challenging due to constant interruptions
while she answered the telephone, fielded queries from customers, suppliers, courier
services and from work colleagues. It is a very dynamic role, both proactive and
reactive, in which different parts of different functions are interleaved in unpredictable
ways, perhaps several being concurrent. This is a major dimension to her job, she may
not, and did not suspend all other activity while she completed a single task from ‘end
to end’. From amongst this range of discontinuous activities, the author pieced together
three related elements that constituted a substantial part of her job viz., Purchasing,
Goods Inwards and Order Processing as depicted in her Work Practice Model (WPM)
Appendix 4.25.
Purchasing, WPM task set 3.1, refers to the acquisition of stock from suppliers.
Louisa extracts stock reports from a computer supported system which she designed and
maintains to reflect the current stock position. A piece of stock is identified by a 15
digit alphanumeric code which indicates its origin of manufacture, function, lead
content, wavelength, frequency band, optimal temperature, signal capacity, and other
functional information. It also bears the manufacturer’s part number. These identifiers
are not unique to the individual item, but to a device type. Stock records quantities of
devices, quoting their identifier codes and segregating them as to their status code
number which indicates whether on ‘back order’, ‘free’ i.e. available for sale in-house
or

in another location, ‘committed’ to an incomplete order, ‘on-hold’ awaiting

payment, taken as samples, on ‘test’, or ‘in quarantine’ i.e. dispute. She also reviews
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each part to establish a ‘run rate’ which estimates the level of demand and dwell time in
stock. This is synthesized with regular reports from their main suppliers regarding
expected / imminent shipments. Then, in consultation with Finance Management and
Marketing / Sales, the future stock requirements are forecast, including a buffer stock,
enabling Louisa to issue a Purchase Order, logging it on the computer’s accounting
system, and to update the Stock records. While Louisa states that ‘the computer does
everything’, she adds that caveat that ‘we have to check everything as well’, which
suggests that the data retrieved from the computer system may be nuanced in some way
that cannot be recorded and that is known only to a few. At the end of every month,
Louisa prints a ‘stock on hand’ report and orders a ‘Stock Check’ to be carried out by a
Warehouse Operative to verify its accuracy by actually counting each listed item.
Goods Inward, WPM task set 3.2, describes the processes stimulated by the receipt
of deliveries from suppliers, having been previously ordered. The courier services, for
their own convenience, tend to deliver small packages directly to Louisa and large
packages directly to the Warehouse. Every inward shipment is accompanied by the
supplier’s ‘packing slip’ which is checked by the Warehouse Operative (Case Study 4),
annotated as to errors and omissions and returned to Louisa. Having resolved the
discrepancies, which are rare, Louisa updates the stock records, changing the status
from ‘on order’ to ‘Received into stock’, thereby validating the original Purchase Order,
upgrading its status to ‘Bill Payable’ for the attention of Finance Management
Order Processing, task set 3.3,

deals with orders to supply customers that are

located all over the World. Typically received by email, customer orders detail the
device type description, ID code and part number in the desired quantities. They may
include additional billable service requirements e.g. re-programming devices to behave
in a particular environment, and packed to their specifications, especially if they are for
re-sale to other supply chains. Some customers insist on the original part number being
replaced with a number of their own design, and that Company B delivers the goods
directly to a third party.
Louisa ‘loads’ a customer order on to the computer stock system. Should the stock
be ‘free’ i.e. in the warehouse, it is committed to the customer order. If not, she looks
up the stock to see if the goods are available in one of the company’s other locations,
whereupon, she will optimize the delivery to the customer taking account of the relevant
logistics and associated costs. She will always seek to fill a customer’s order from the
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company’s local or extended resources, before issuing a purchase order, WPM 3.1.4, or
including it in the demand forecast if the lead-time permits.
Having ensured that the customer is in credit, and that the goods ordered are ‘free’
and in local stock, Louisa issues a Delivery Slip, replicating the customer’s
specifications to the Warehouse Operative, together with an expected completion time.
She logs on to a courier service website to book the shipment for collection, providing
details of the goods, delivery address, insurance, and customs formalities consistent
with

the transit and destination jurisdictions.

The courier company issues the

appropriate shipping documentation, which Louisa passes to the Warehouse Operative.
In the event that the goods are more economically supplied and delivered by a sibling
operation in another location, Louisa directs the customer’s order accordingly. Once the
goods have been collected by the courier, they are deemed to have been dispatched, the
stock records are updated, automatically noting that the order had been completed and
released to the accounting operations for customer billing.

4.10.1 Detailed Task Analysis
The combination of Job-shadowing activities, the resulting WPM and the
surrounding discourse enabled the author to pick apart the Louisa’s work practice to
reveal the underpinning MKSC. Case Study 3 differs from Cases 1 and 2, in that it was
largely deskbound, and dependent on computer and telephone use. While this setting
enabled multiple facets to co-exist and the rapid switching of attention between them,
the author assembled the observed job-fragments into three separate, yet interdependent
components viz., 3.1 Purchasing, 3.2 Goods Inward, and 3.3 Order Processing. The
relevant Detailed Task Analyses, in the sequence in which they occurred are presented
in Appendices 4.27.1, .2, and .3 respectively, segregated into their various Mathematics
Domains as observed through the author’s ‘Mathematical Eyes’.

A tally of the

incidence of tasks is maintained at the foot of each DTA, for reconciliation purposes. As
a prelude to the alignment of the underpinning MKSC with the NFQ, the DTAs were
then grouped according to Mathematics Domain, Appendices 4.28 – 4.31.

4.10.2 Align the underpinning MKSC with the NFQ
The application of the FETAC-NFQ Alignment Protocols for Quantity and
Number, Space and Shape, Pattern and Relationship, and Data handling and Chance,
Appendices 3.15 – 3.18 respectively, and in consultation with the case study discourse
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transcript, appendix 4.26, individual tasks MKSC components were aligned to the NFQ,
Appendices 4.32 - 4.35, as previously described. In keeping with the trends emerging
from preceding case studies, failure to detect evidence of individual SLOs, inhibits the
recognition of the level of MKSC that may be accredited to the fullest extent. The
competence associated with levels of accreditation seemed to focus on the dimension of
complicatedness, to the exclusion of others. Furthermore, the requirement to describe
natural numbers, as distinct from real numbers or integers, while an essential building
block for further study in mathematics, is irrelevant in the workplace, yet it is a
stipulation of level 3. The contrast between the level of expertise observed, and that for
which accreditation may be awarded, seemed to point towards the structure of the NFQ
being more suited to a structured learning environment than that of the workplace,
Figure 4.7. While permitting partial credit may be useful to indicate progress toward
the next level, it is crucial that a full award attests to the achievement of a body of work
that is in keeping with the national standards and curricula. The MKSC deployed in the
workplace, seems not to fit the provisions and conditions of the NFQ, attracting limited
accreditation potential only.
Case Study 3 Mathematics - Potential Accreditation
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Figure 4.7 Company B, Case Study 3, Mathematics Knowledge and Skills
aligned with the National Framework of Qualifications.
Key:

Q&N = Quantity and Number
P&R = Pattern and Relationship
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S&S = Space and Shape
Q&N = Quantity and Number

The tendency of the NFQ accreditation implementation mechanism to assume that
Competence in Context, Role, Learning to Learn and Insight, occurs in equal measure
to that of the Knowledge and Skills in evidence, offers a

profile of the MKSC

underpinning Case Study 3 in a way that seems to exclude important factors for which
there is ample information, Figure 4.8.

Case Study 3 Mathematics - Likely Accreditation
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Figure 4.8 Company B, Case Study 3, Mathematics Knowledge, Skills and the
Competence
Strands of Context, Role, Learning to Learn and Insight, - standard
interpretation

In contrast, interpreting the NFQ Competence guidelines and applying them to Case
Study 3, independently of the levels of Mathematics Knowledge and Skills, offers a
more informative profile, Figure 4.9. That Competence in Context, Role, and Insight
may be observed in the performance of work at levels that exceed that of the
underpinning knowledge and skills is clear from the workplace observations. The
guidelines relating to Learning to Learn, seem to constrict the recognition of this
dimension to that which occurs in a structured learning environment only. There is
evidence that the majority of the individual’s learning in this case study occurred onthe-job and out of necessity, seemingly unsupported by any formal provision. It would
seem that the recognition of learning by tacit rationality and analogical thinking is
beyond the provisions of the NFQ. Furthermore, the custom of aligning the level of
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Competence with that of the Knowledge and Skills does not appear to be operable in the
context of the workplace.
Case Study 3 Evidence-based Interpretation of NFQ
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Figure 4.9 Company B Case Study 3, Evidence-based interpretation of the NFQ
provisions to represent the underpinning MKSC
The outcomes reported thus far, while emerging from three very different work
practices, seem to converge nonetheless. There is ample evidence of mathematics
knowledge, skills and competence underpinning work, albeit at relatively low levels
when aligned with the NFQ. It seems clear that the mathematics deployed is in the
service of work, may imply higher levels of achievement in mathematics without having
completed lower levels as would be the norm in a structured learning environment. In
addition, the combination of MKSC would seem to be more fully characterized as
having a spiky profile, rather than a flat, single level of achievement in all dimensions.

4.10.3 Mathematics Invisibility
The processes and procedures supporting Louisa in her work evolved to meet the
expanding needs of Company B. The stock recording system was developed by her,
incrementally, without any formal training, and as a result of her curiosity to see what
the software could do. None of the procedures are documented. They are multiple and
interleaved, she is “sure there is a lot more to it but she just can’t think at the moment”.
Her role is pivotal in maintaining the rapid flow of transactions and money. She attends
to duties by calling to mind whatever cognitive resources as are required, including
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mathematics, each one an indivisible facet of the same thing – her job. This set of
circumstances, especially in the light of preceding case studies, suggested to the author
that herein may lie a possible explanation for Mathematics Invisibility. Bearing these
hunches in mind, and in keeping with the BTCSR guidelines concerning within and
across case analysis, the author approached the final planned case study.

4.11 Case Study 4 – Warehouse Operative
The selection of a Warehouse Operative to participate in this present research was
subject to the same criteria as previously, i.e. the superficial absence of mathematics
activity. In addition, profiling a second person engaged in warehouse work, offered the
opportunity to compare two similarly described jobs. It is a physically demanding job,
involving lifting and carrying loads of up to 20 kilos when taking delivery of cartons of
goods, and preparing packages for dispatch. Closer examination revealed activities that
were rather more complex and carried out under pressure of time and accuracy,
involving multiple combinations of a range of components. The Warehouse Operative
in this case is required to unpack and verify the receipt of electronic components and
communications devices into stock, to fill customers’ orders in accordance with their
detailed specifications and make them ready for dispatch, and to reconcile the stock ‘onhand’ with that reported by the computerized stock control system. Mark, having read
the ‘Project Information for Participants’ document, Appendix 3.21, gave his informed
consent to be job-shadowed and to have the accompanying discourse recorded for later
transcription, so that the fabric of the context in which the job was performed could be
captured by the author.

4.11.1 Contextual Factors
Mark began his career in Company B in their production department. Over the last
decade, many of their labour-intensive functions have been relocated to lower cost
economies overseas, with the effect of reducing the warehouse personnel to two people
i.e. Mark in the role of Operative and Ro in the role of Warehouse Manager, currently
being extended into Sales.
Cartons of goods arrive in the warehouse frequently and unannounced, although
they may be expected or urgently required. The contents of cartons may range from a
few items to several hundred, they may be marked as being part of a larger shipment,
and may display evidence of having been mishandled or damaged. The nature of the
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modern supply chain is that a consignment is checked at each transit stage, so that fault
can be attributed and remedied more promptly. Consequently, it is incumbent on the
receiver to check that goods have been delivered as described in the accompanying
shipping documents, thus relieving the previous handlers of their service obligations.
The contents of the carton are described by a ‘packing list’ provided by the supplier.
Goods received and checked are placed in stock. The ‘packing slip’, annotated with any
anomalies revealed when being unpacked, is passed to Customer Service / Goods
Inwards procedures.
Orders to supply, prepared by Customer Service, detail the quantity and type of
items and how they are to be programmed, labeled, packed and dispatched. There are
more than a thousand different types of components and several hundred
reprogramming tools to choose from. A typical order may call for the supply of dozens
of the same item type, to have the original part number label removed and replaced with
a label produced in the warehouse to a given specification. The same reprogramming
tool may be applied to each item in the customer’s order, but may have to have a unique
serial number input by the worker to a specific location within its EPROM, to act as a
computer media access code. There are four different types of interface sockets used in
the reprogramming function depending on the physical size of the device. According to
the Finance Manager, the cost of such devices can range in cost up to “a couple of
grand” each.
The monthly Stock Check is a critical checkpoint for the computerized stock
records. Customer Service produces a list of items in the alphabetical order of the item
ID code, and the quantity that should be in stock. Mark checks every item, taking no
‘shortcuts’ in the knowledge that he is liable to be questioned in the event of a stock
shortfall. There is no documented procedure for carrying out the Stock Check. Mark
developed his own strategy gradually over the years. It is supported by his practice of
keeping a tally of starting quantity, additions and removals so that the quantity in stock
is noted on the exterior of the boxes in which they are stored. This quantity is not
absolutely reliable because, in busy periods, he may not take the time to maintain this
running total. Some items may be removed from stock and provided as samples or used
in testing, without the displayed quantity being modified. The Stock Check procedure
takes about three hours to complete during which time Goods Inwards and Order filling
activity is suspended, unless exceptional circumstances arise. Mark’s colleague Ro,
while not himself a candidate for job shadowing, provided extensive information
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regarding the company, its structures and evolution, and made a substantial contribution
to capturing the context in which Mark works. Furthermore, each person can contribute
to the other’s work e.g. Mark could select the items from stock and re-programme and
re-label them, while Ro could finish the order by packing them. This shared
responsibility is recorded in a process control check document. These factors, together
with the relevant discourse transcripts, Appendix 4.37.1 and 4.37.2, enabled the author
to develop the Work Practice Models that encapsulate and define three aspects of
Mark’s job viz., Goods Inwards and Order Filling WPM, Appendix 4.36.1 and Stock
Check WPM, Appendix 4.36.2.

4.12 Job Shadowing – Case Study 4, Mark
Mark’s job comprises three separate yet interdependent activities. The performance
of Goods Inwards tasks are initiated by the delivery of a package or carton(s) of goods
to the warehouse. Order Filling is initiated by a Customer Order, produced by Customer
Service and passed through to the warehouse for attention. The Stock Check is a
monthly procedure initiated by Customer Service. Any of these activities may be
permitted to interrupt each other as Customer Service adjusts priorities in response to a
variety of circumstances. The Job Shadow reports the sequence of steps involved in
each work component, even though they may not have occurred contiguously as can be
seen from the attendant discourse transcripts.
Goods Inwards
Mark was engaged in filling an Order when he was made aware of the arrival of a
delivery that required his attention. The courier handed over a small quantity of cartons
of different sizes and weights. Marked checked the consignments’ details and signed his
confirmation on the courier’s handheld device. Had there been a discrepancy, he would
have noted it as a condition of his signature. Had there been any evidence of damage to
a carton, he would have photographed it as evidence for a possible future insurance
claim. He brought the packages into a space in the middle of the floor and grouped them
by the content of their accompanying consignment notes.

Taking each carton

separately, he stripped its contents and grouped the items by size and type and
reconciled them with the accompanying ‘Packing Slip’, by identifying each item code
and counting the quantities in which they were present. It is worthy of note that
components such as these are shipped in ‘clam-shell’- style plastic packaging, molded
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to the shape of each item of its contents, so that they may not move within the
packaging, while in transit. Each package is arranged in 3 or 4 rows of 7, 8, or 9 itemshaped depressions, depending on the item size, the quantity shipped and the suppliers’
preferences. A package need not be completely full.
Mark checked the quantity received against that stated on the Packing Slip, by
adding the totals of the full packages together, rather than multiplying. To account for
less than full packages, he added each item present, rather than subtracting the empty
spaces from the total, or multiplying the full rows and discounting for the empties.
Satisfied that there were no inconsistencies on the packing slip, he marked it as being
correct and passed it to Customer Service. Each item was brought to the storage
location assigned to its supplier, where it was added to the existing stock, in its original
shipping ‘clamshell tray’ packing. Mark updated the running total of the contents of
each carton of stock as an aid to stock control. The remaining empty cartons and filling
materials, e.g. bubble wrap and polystyrene-foam, were stored in another part of the
warehouse to be re-used in Order Filling.
Order Filling
Customer Service provides Mark with details of customers’ orders in the form of a
Delivery Slip, together with the shipping documents required for dispatch. Mark is
familiar with the collection pattern of the assigned courier and infers the time by which
the order must be ready, which Customer Service may override. Mark is faced with a
decision whether to finish the order filling work that had been interrupted, or to suspend
what was in progress in favour of the newly received order. He does this by estimating
the finishing time of the current order, compared to that for a ‘new’ order and their
relative priorities, and the elapsed time before the next scheduled or specially booked
‘extra’ collection. He decided to continue the interrupted job. Guided by the Delivery
Slip, he had retrieved the required quantity of parts from stock, noting the quantity
remaining on the storage carton using subtraction, and brought them to his work bench,
keeping them in their clamshell tray packing. He checked again the quantity and type of
the items retrieved with that specified on the Delivery Slip and that they were required
to be re-programmed to suit the computer network switch environment, in this case
‘Juniper’, in which the customer expected them to function.
From a possible four options, Mark selected a read/write interface platform
connected to the computer on his bench, each of which presented a plug-in socket
compatible with the device to be re-programmed. He scrolled through a range of
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folders on the computer to locate the desired suite of programs designed to access and
modify the device manufacturer’s code and unlock the device for use in the Juniper
network environment specified by the customer. The selected software accessed the
component’s internal Erasable Programmable Read Only Memory (EPROM), and
displayed it in a stream of hexadecimal characters. Mark scrolled through the code,
halted at a particular point and altered some digits having first consulted a notebook.
The author sensed that this was key intellectual property and decided not to seek further
explanation on this process as it might compromise the research activity. It became clear
however, that each change in the code was unique to each device and required the
worker’s intervention every time.

Once Mark had made the code alteration, the

software ran through a series of diagnostic tests before releasing the device, and issuing
a message to the effect that the reprogramming had been successfully completed. Mark
removed the device from the interface platform and replaced it in the clamshell tray,
flipped over, to signify that it had been reprogrammed. This routine was repeated a
number of times without incident, until the computer reported an error condition. Mark
retraced his steps, first verifying the part ID Code, and carefully selecting the
appropriate computer program, checking whether he had made a mistake, due to a lack
of concentration. Having got the same result, i.e. “program unable to load”, he ruled out
operator error as a probable cause. Mark considered other possible causes and his
options. He restarted the computer, and loaded similar programs to try and isolate the
source of the problem whether due to a faulty device, interface platform, the computer,
or a specific piece of software. Finally, having tried everything he could to resolve the
Juniper problem, he passed it to Ro, to find a solution, and informed him that the
completed order was not due to be collected until the following day. Having set the
‘problem‘ devices to one side, pending a solution from Ro, Mark continued
reprogramming, tentatively at first, soon returning to normal fluency. When all the
devices had been reprogrammed, he flipped them over to face up in preparation for the
next step i.e. re-labeling.
He noted that the order called for the items to be re-labeled in a particular style.
Using a labeling computer, he selected the appropriate size adhesive blank labels,
selected the customer specified font, lined up the output in a WYSIWYG display and
entered the desired number of labels. Due to a fault in the computer, the WYSIWYG
displayed the ‘virtual’ label upside-down and back to front. He has become accustomed
to this over time and does not think it necessary to have the fault corrected. He printed
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the exact quantity of labels to match the quantity of items to be relabeled, and then
divided them into strips to match the quantity in each row of the clamshell tray i.e. the
tray comprised two rows of 10, he printed a strip of 20 labels, and then separated them
into two shorter strips of 10. In this way he can check that the row has been completed
correctly. If he runs out of labels before the end of the row, or if he has labels left over,
he has the current row only to search for error rather than the whole package. Working
in columns from top to bottom, he picked up each component, matched the serial
number of the individual part shown on the old label with the serial number printed on
the new label. Then, using a craft knife, took the ‘old’ label off, peeled a new label off
the printed strip, and placed it carefully on the component, which he then placed face
down in the tray to indicate that the label has been changed. He did this exactly the
same way every time, so that he would know the precise point at which he can re-start
the process in the event of being interrupted. On completion, he sealed the clamshell
tray with adhesive tape to compensate for the closing mechanism being unreliable.
Once all the customer’s specifications had been met, Mark selected an empty carton
into which to pack the order. He lined up all the items and checked them with the
delivery as to type and quantity. He counted trays into the carton to double-check order
completeness, and surrounded them with packing insulation material to ensure their
security while in transit, taking into account that their final destination was Moscow.
The carton’s edges were sealed with heavy adhesive tape and further secured by a
plastic band applied by a banding machine. Mark then estimated the weight of the
carton for the courier’s information, and attached the packing slip and shipping
documentation provided by Customer Services. He placed the carton in the dispatch bay
in the warehouse and completed the process control document, claiming the carton as
his work, in the event of a query. He had been working on the shipment for a day and a
half which gives some sense of the prolonged bouts of concentration, as well as
adherence to the routines necessary to minimize the risk of error.
Stock Check
Mark is required to verify the accuracy of the list of items in stock provided by
Customer Service. The list is ordered in strict alphabetical sequence of the item
identification code, numbers taking precedence over letters. However, the stock is
stored by reference to value /manufacturer and volatility and not ID code, although
these may comprise elements that identify the manufacturer, providing a link between
the computer-produced stock report and the storage location in the warehouse. Mark
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first described the layout of the warehouse to the author, emphasizing that the storage
plan had evolved over time to suit his personal preferences and confirmed that the
procedure had not been documented. He began the stock check with the highest value,
most volatile components, e.g. Appendix 4.37.2, which he recognized by their
identification codes, and because they were likely to be clustered in the same location,
stored in one or many packages, each manually marked with an ID code and a running
total of its contents.
Starting with the top shelf of the cabinet in which the highest value items were
stored, he removed all cartons and packages said to contain items bearing the same ID
code and placed them on the nearby dispatch table. He checked the running total on the
outside of the storage carton(s) and compared it with the quantity reported to be in
stock. It did not seem to matter whether these quantities tallied, but he seemed gratified
when they did. Nevertheless, he counted the content of each clamshell tray,
progressively adding the total of full trays, then adding the quantity in full rows in
incomplete trays, and finally adding each item in incomplete rows, in preference to
multiplying the number of trays by their capacity and allowing for the partially or
wholly empty rows.
In the event of a discrepancy, he checked whether the shortfall could be accounted
for by cloned devices, or whether they were in quarantine and subject to a dispute, or in
the test laboratory, or given out as free samples. When none of these strategies resolved
the anomaly, he highlighted the line item for the attention of Customer Service. He
repeated this routine for each successive set of cartons, updating the running total if
found to be in error. As the stock check progressed, he moved from one location to the
next, in decreasing priority, until having reached the point of the unchecked items being
randomly distributed within the warehouse. At this stage, the balance of advantage lay
with verifying the list to the items in stock, as distinct from tracing the items in stock to
the list, as had been the case. The Stock Check process was complete when Mark
reported the stock anomalies to Customer Service. In keeping with preceding case
studies, Mark was then offered a ‘paper and pencil’ version of the National Survey of
People at Work in Ireland instrument, to report his attitudes and beliefs regarding
mathematics and work.
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4.12.1 Detail Task Analysis
The WPM for Case Study 4, together with a study of the surrounding discourse,
provided sufficient information for the author to compile Detailed Task Analyses of the
three principal components of Mark’s job viz., Goods Inward, Order Filling and Stock
Check, Appendices 4.38.1, .2 and .3 respectively, each reflecting the order in which the
tasks were encountered and indicating their mathematics domain as perceived through
Mathematical Eyes.

Following the procedure as outlined in Case Studies 1, 2, and 3,

the separate DTAs were consolidated and regrouped by reference to their mathematics
domain e.g. Quantity and Number, Space and Shape, Pattern and Relationship, and Data
handling and Chance, Appendices 4.39 – 4.42, in preparation for alignment with the
NFQ.

4.12.2 Align the underpinning MKSC with the NFQ
Each DTA-Domain was then compared to the FETAC-NFQ Alignment Protocol,
Appendix 3.16, and interpreted as to evidence of meeting SLOs at any level, and
annotated accordingly, Appendices 4.43 – 4.46.
There was substantial evidence of achievement at level 2 for Quantity and Number
and Pattern and Relationship. Space and Shape and Data handling and Chance
warranted recognition at level 1, even though SLOs at level 2 were observed, Figure
4.10.
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Figure 4.10 Company B, Case Study 4, Mathematics Knowledge and Skills
aligned with the National Framework of Qualifications.
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Implementing the rules of the NFQ in the strictest sense in Case Study 4, tends to
recognise the mathematics knowledge and skills at level 1, seeming to discount the
observed evidence for Space and Shape and Data handling and Chance. In the interest
of clarity, by merging all mathematics domains into one, the most optimistic profile of
the evidence of Mathematics Knowledge and Skills in Case Study 4 is presented in
Figure 4.11, along with the complementary level of Competence in Context, Role,
Learning to Learn and Insight, which is officially assumed to align with the level of
Mathematics Knowledge and Skills identified.
Case Study 4 Mathematics - Likely Accreditation
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Figure 4.11 Company B, Case Study 4, Mathematics Knowledge, Skills and the
Competence
Strands of Context, Role, Learning to Learn and Insight, - standard
interpretation.

In contrast, Figure 4.12, the author observed quite different levels of evidence in the
Competence Strand, when interpreting the guidelines for NFQ Competence, Appendix
3.1.
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Figure 4.12 Company B Case Study 4, Evidence-based interpretation of the NFQ
provisions to represent the underpinning MKSC
It would seem that the standard interpretation of the NFQ provisions, in which
Competence is assumed to be co-linear with the Mathematics Knowledge and Skills,
assessed in terms of complicatedness, does not provide a sense of the Contexts in which
they are used, even within the provisions of the existing NFQ Guidelines. Notable is the
candidate’s capacity to learn about his own learning is contained by the levels of his
formally recognized mathematics knowledge and skill, even though the extent of his
continuous learning is indicated by the ways in which he developed his approach to his
job.

4.12.3 Mathematics Invisibility
The practice of Mark’s work evolved over time and in response to consequences of
some sort. The relentless checking seems to be born of concern to avoid error because
“last thing you want to hear is that you got something wrong on the packing slip and it’s
coming back to you”. The process control document exists for two purposes, on one
level to ensure completeness when two people fill and dispatch an order, at another,
deeper level, it is so that responsibility for error can be pinpointed. The purchasing and
logistic decisions rely, in part, on the accuracy of the stock records, which is verified by
Mark, who seems to feel the burden of responsibility such that he checks the count of
everything, even very low value goods that are used in their hundreds. He does not seem
to trust multiplication to support the stock check, preferring instead to add in multiples
of 9 and 36, and others, depending on the supplier. For example:
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“…9, 18, 27, 36, [there’s 9 in a row is there] ye there’s another 36, that’s 72, plus
9, 10, 11 12, 13, 14, 15, 16, 17 (Not 18 minus 1, now uses calculator to add 72 and 17)
that’s 89 in that box [ that’s what the box says isn’t it] 89, now this box, (taking out
every tray first and then counting them back into the box) 2, 3, 108, and them 2 (i.e.
36 + 36) will be 180”. When asked about “108” Mark said; “because you see they’re
trays , they are in trays of 36 so the numbers come quickly to your head, you see a tray
it’s 36 if it’s full [ye] 2nd tray would be 72, 3rd would be 108 [ye] 144” , Appendix
4.37.2.
The author’s comments are shown in square brackets, observations in round
brackets.

He interprets monomial codes to locate devices, computer programmes, and when
modifying hexadecimal code, all on the basis of his familiarity with these artifacts. All
of his work is subject to interruption, causing him to pause in one activity in preference
to another, whether to respond to an instruction, solve or escalate problem, re-start a
previously stalled activity, all the while identifying, evaluating, acting upon and
communicating about mathematics containing situations. That he is supported in these
activities by MKSC at relatively low levels of complicatedness alone, does not seem to
capture the essence of the workplace context in which they are deployed.

4.13 Discussion
The Business Activity Model, Work Practice Model and Detailed Task Analysis
tools developed by the author, combined to uncover the mathematics knowledge, skills
and competence that were previously hidden, even from the view of the workers
themselves. The FETAC-NFQ Alignment Protocol, permitted the revealed mathematics
to be mapped on to the National Framework of Qualifications in Ireland. While these
outcomes meet the objectives of the initiating research questions, other matters that
impinge on the expression of mathematics in the workplace were drawn into sharper
focus. In other words, it may not be sufficient to characterize workplace mathematics in
terms of complicatedness in isolation of the circumstances in which they are deployed.
The case study selection criteria determined that the mathematics knowledge and
skills uncovered would be likely to be of a relatively low order as recognized by the
NFQ. The standard implementation of the NFQ is that the same level of accreditation
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for knowledge and skills extends to, and encompasses, the strand of competence in
context, role, learning to learn and insight. There are several problems here. It is clear
that the knowledge and skills that underpin the practice of work evolve to meet the
outcomes required by the job without taking account of the SLOs developed to meet the
needs of the National Standards. This means that the MKSC underpinning a job could
range across mathematics domains and levels of difficulty, without satisfying the SLOs
for any single level. In contrast, the remit of the NFQ is to maintain standards, and
testify to complete mastery of the knowledge and skills of one level, indicated by
achievement in a range of SLOs, before progressing to the next level.
Furthermore, the NFQ, as a matter of custom and practice, extends the level of
knowledge and skills assessed at any given level, to the strand of competence, on the
assumption that it is embedded in the curriculum and SLOs. While this may be
demonstrated in the structured learning environment, its relevance to the workplace is
less certain. While the level of mathematics knowledge and skills reflected in the
workplace is not contested here, the application of the NFQ Competence guidelines,
suggests that demonstrations of competence in Context, Role, Learning to learn and
Insight in the workplace, may be interpreted as being at quite different levels to that
implied by the levels of knowledge and skills demonstrated.
The NFQ dependence on the assessment of knowledge and skills alone, as reliable
indicators of competence would seem to cast the measurement in degrees of
complicatedness or difficulty to understand and master. The case studies seem to
suggest that mathematics knowledge and skills, as well as other subject disciplines,
underpin the performance of work in contexts influenced by many factors in addition to
complicatedness.
The workplaces featured in this series of case studies revealed that they were
unique, populated by unique individuals, interacting in unique ways, each with unique
outcomes. That mathematics knowledge and skills played an important part was not at
issue. That the contexts in which they were used were varied and dynamic revealed a
new line of enquiry regarding how such mathematics might be contextualized in the
workplace. Each case study adverted to pressure of time and precision, unpredictable
confluence of circumstances, accountability without authority, volatility with
familiarity, distracters and competing priorities. Prominently in evidence was the
constant and seamless switching of attention between multiple activities intermixed
with routine, encased by constraints, restricted in scope for judgement and planning,
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many or all of which being conditioned by the fine balance between job satisfaction and
continued employment. These factors, and others, may contribute to workplace contextcomplexity and may be beyond the current scope of the NFQ. Workplace ContextComplexity is thus an emergent issue and dealt with fully in Chapter 7: Emergent
Issues.

4.14 Mathematics Invisibility in the Workplace - Summary
The author struggled throughout the case studies activity to develop a mechanism to
deal with the notion of mathematics invisibility. Initially, it seemed that there was a
consciousness of the role of mathematics in work, but that it might be concealed by the
way in which it was talked about. On reflection, this was not a sustainable basis upon
which to begin to develop an hypothesis. To expend resources documenting the extent
to which ‘language’ of mathematics was properly used, could only produce evidence of
the non-use or misuse of appropriate mathematical terms, and would contribute little to
an understanding of ‘Mathematics Invisibility’ or how it might be measured.
That the repetition of processes and procedures may reinforce the ‘commonsense’
perception of the performance of work, suggested that the key to identifying otherwise
invisible mathematics activity may reside the worker’s Numerate Behaviour, however
unconscious that might be. There were many hundreds of instances of Numerate
Behaviour detected in an analysis of the discourse transcripts. However, the key factors
that seemed to be emerging from the case studies, and their accompanying discourses,
were the numerous ways in which Numerate Behaviour in work was influenced. The
idea of the workplace being a complex, multifaceted environment, wherein the
individual was compelled to juggle a number of competing demands, to perform tasks,
supported by MKSC in different domains simultaneously, began to indicate that the
mathematics were neither invisible nor indistinguishable, but instead subsumed into a
fabric of responses, conditioned in multiple ways, to be drawn upon on demand.
The insight offered is that if a job may consist of multiple actions and automatic
operations, many of which may be performed unconsciously, the underpinning
Knowledge Skills and Competence, including Mathematics, could become associated
with all of them as part of an automatic operation, and none of them exclusively. It may
be that Mathematics activity is indelibly marked by the mathematics classroom only,
and as such, an invisible constituent of an amorphous activity viz., the performance of
work. Herein lies a possible explanation of the mathematics use/denial paradox. While
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Cultural Historical Activity Theory (CHAT) is a useful tool for disambiguating human
activity systems, this present work offers an extension to CHAT that is Subject-centric
to take account of the workplace activity experience revealed in the case study analysis,
Chapter 7, Emergent Issues.
While the four case studies reported herein offer some evidence of the necessity for
a workplace contextualization of mathematics, they were, nevertheless, especially
selected, closely studied and cross-analyzed. Noteworthy is that the National Survey of
People in Work, was proceeding in parallel with the case studies, and that early
responses where having a formative effect on the author’s methodological approach. In
this light, and as a precursor to the treatment of emergent issues, this report now turns to
a detailed description of the design, implementation and analysis of the National Survey
of People at Work, Chapter 5.
Aware of the limitations imposed by the nature of survey ordinal data gleaned by
Likert style statements, the author sought another method with which to confirm, or
disconfirm, the findings inferred from proportions of response categories alone. Given
the intention to authenticate the issues that emerged from in-depth case studies, with
those of the survey sample, Rasch Measurement Theory was applied to the data set for
triangulation. This enabled the elimination of distracting ‘noise’ for the creation of a
reliable tool to verify the survey data, and to provide the basis of a scale for the
measurement of Mathematics Invisibility. This is fully reported in Chapter 6.
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_______________________________
Chapter 5: National Survey of People at Work

_______________________________
5.0 Introduction
This chapter explains the survey data collection, their properties, treatment and the
methods used to determine Job Skills levels. The sample is profiled in a number of
Numerate Behaviour and mathematics dimensions and correlations using traditional
methods. Conflicting evidence of Mathematics Invisibility is presented. The chapter
concludes with an interpretation of the findings and a summary of the emergent issues
indicated.

5.1 Data Collection
The survey was available in both electronic and manual formats, each with their
own advantages and disadvantages. The former method is convenient for distribution
and automatic data capture. It minimizes the potential for error and controls for item
omission. It enables people to ‘pass it on’, and uses no paper. The disadvantages include
dependence on the internet, the risk of early termination by technical fault or otherwise,
the possibility of retries, and attracting the interest of cranks and self-selectors. The
manual version catered for those with no or constrained access to the Internet. It
permitted opportunistic distribution in chance encounter, e.g. to an individual engaged
in the repair of sliding doors in the author’s home, and access to those unfamiliar or
uncomfortable in an ICT dependent environment. While there is no method for
establishing the quantity of potential respondents who decided not to participate,
recruitment ceased when 462 replies had been received, 51 of which had been
completed manually, and entered by the author taking advantage of the error control
offered by the electronic data collection method. The survey instruments completed by
the author on behalf of the case study participants, to facilitate comparison, were
entered after the raw data had been reviewed and treated.
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5.1.1 Treatment
Raw survey data was imported to PASW/SPSS specialist computer software for
statistics. An initial review of the data sets revealed responses that had been aborted
and retried, as evidenced by the their demographic data being identical, Appendix 5.1.
Once these had been removed, the author assigned a Job Skills code, ranging from 1 to
4, augmented by 25 sub-classifications, on the basis of the respondent’s job description,
education level and age range, as a necessary step to assessing the distribution of the
sample across the spectrum of occupations. Until recently (2011), the Central Statistics
Office (CSO) in Ireland, reported on the different types of jobs by reference to industry
sector, which permitted fragmented job categories and a substantial tolerance for jobs
described as ‘other’. For the most recent census data, the CSO adopted the UK Standard
Industrial Classification UKSOC2010, in which jobs are classified into groups
according to a concept of skills level and specialization, Appendix 5.2.

The job

classification was reviewed and modified as the author gained more familiarity with the
embedded protocol. The survey enquired about education level and the highest level at
which mathematics was studied by the respondent. These response categories were recoded to align them with the NFQ provisions. The final sample size was 449, plus four
case study ‘observed’ response sets.

5.2 Data Analysis - Proportionality
The sample comprised a ratio of female respondents to males of 1.61:1, Figure 5.1.
While this reflects the so-called ‘Golden Ratio’, there is no reasonable explanation for
how this was achieved, as males outnumber females at work by a ratio of 1.16 :1 (CSO
2010).
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National Survey of People at Work in Ireland
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Figure 5.1. Gender representation of Survey respondents n = 449. F. 277, M.
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The sample gender-bias persists throughout the three lowest levels and clustered
about Job Skills level 3, but reversed at the highest level, Figure 5.2.
National Survey of People at Work in Ireland - Skills Level

Respondents

30%

20%

10%

0%
% Level 1

% Level 2
Female

% Level 3

% level 4

Male

Figure 5.2 Skills Classification by reference to Gender Bias

When mathematics education level is taken into account, there is a preponderance of
respondents gathered around higher second level, Figure 5.3. Again, the gender-bias
seems to be reversed at the highest levels of mathematics education. There seems to be a
degree of consistency between the proportions reported for the highest level of
mathematics education and occupations at the highest skills levels.
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National Survey of People at Work in Ireland - Mathematics Education
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Figure 5.3 Mathematics Education level by reference to Gender

The concentration at Upper Secondary Mathematics Education, is consistent with
the relative extent of participation at that level compared to third level. Over the last 10
years, second level education enrollments, where mathematics is a compulsory element,
exceeded that at third level by a multiple of 5, narrowing to 2 more recently.
Historically, retention rates for female students at second level is approximately 5%
higher than for males (Tickner, 2011). While recent trends shows female entrants at
universities at 59% of the cohort, this falls to 46% for institutes of technology. This
suggests that females are more likely to complete second level education, and enter
universities, but less likely to study technology topics at third level that are traditionally
associated with proficiency with mathematics. In contrast, it is reported that in the
population of working age, the number of males that attained qualifications at third
level, exceed females by a ratio of 1.12:1 (Central Statistics Office, 2011), which may
account for the reversal of the gender balance at the highest mathematics education
levels / job skills.

5.2.1 Regression and Correlation
There is limited scope for regression / correlation measures in this type of data given
that it is ordinal. However, a simple count of the Mathematics Education level and Job
Skills level reported in the survey suggests that there is a moderately positive
correlation (r = 0.492) between Mathematics Education level and Job Skills level. Level
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4 skills seem to be clustered around upper second level and Honours Degree level,
however, only 17% of the sample with Mathematics Education level at Upper
Secondary level occupy Level 4 jobs, 20% at Ordinary Degree and 53% of Honours
Degree. A reasonable inference is that Level 4 jobs are underpinned by mathematics at
third level, in the majority of cases (73%), while 90% have studied mathematics at least
at upper second level.
There was a tendency for the respondents to abandon the survey in increasing
numbers as the survey continued. The rate of abandonment at the earlier stages is 9%,
rising to 17.5% at the latter end. In all, of the possible 30,083 responses, 2945 (9.8%)
are missing and 399 1.3% reporting ‘don’t know’ or ‘don’t understand the question’.

5.3 Aborted responses
The survey instrument constituted three distinct segments, Demographic,
Awareness and Frequency. The demographic items were completed in every case. All of
the abandoned response sets took place in either the Awareness of Frequency segments,
beginning with 20 respondents terminating at item Q8a, Figure 5.4, rising to a peak of
79 at item Q18d, Figure 5.5. The design of the survey made a response to each item
mandatory, with no option to skip. This may have contributed to the extent of the
missing data. Perhaps some respondents experienced technical problems. Others may
have become bored or indifferent to items seeking to probe subtle differences in
attitudes and behaviours that may be difficult to disambiguate.

National Survey of People at Work in Ireland - Awareness Aborted Response sets
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Figure 5.4 Quantity of Survey instruments abandoned during Awareness segment
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The alpha-numeric sequence of the survey items coincides with their chronological
sequence. It appears that there was a slight increase in the number of aborted responses
towards the latter end of the Awareness part of the Survey. A similar pattern is shown in
Figure 5.5. Here the rate at which the survey was abandoned increased steadily as the
respondent progresses through the latter part of the survey.

National Survey of People at Work in Ireland – Abandoned Frequency Responses
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Figure 5.5 Quantity of Survey instruments abandoned during Frequency segment

5.3.1 Awareness Items – ‘Don’t Understand the Question’
Instances of ‘Don’t Understand the Question’ (DUtQ) responses, did not discriminate
between genders in the awareness segment of the survey. While they were few in
number, the author draws attention to the most obvious ones, viz., Q8f and Q10c, Figure
5.6.
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National Survey of People at Work in Ireland - 'Don't Understand the
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Figure 5.6 Survey Awareness items ‘Don’t Understand the Question’: Q8f and
Q10c

Survey item Q8f invites responses to the statement:
‘Differences in shapes and patterns between jobs is a useful way of comparing
them’
This item was included to examine the extent to which the respondent recognized
the power of space and shape to discriminate between two things in work. While the
vast majority, 80.4% were able to express an opinion, almost 10% did not understand
the question Figure 5.7. It seems that the concept of pattern and shape may be loaded
with different connotations in different workplaces, and did not communicate its intent
in all cases.
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National Survey of People at Work in Ireland - Q8f: ‘Differences in shapes and
patterns between jobs is a useful way of comparing them’
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Figure 5.7 Small proportion of respondents unable to express an opinion in
item Q8f, while 57.1% either agreed or strongly agreed.
Survey Item Q10c states: ‘I adapt off the job training for the job I actually do’
This item was posed to probe the relevance of off-the-job training to the individual,
by testing the extent to which the worker interprets formal training to suit the immediate
work needs. In total, 93% expressed an opinion, suggesting that the item was widely
understood and well formed, Figure 5.8.
National Survey of People at Work in Ireland - Q10c: ‘I adapt off the job training for
the job I actually do’
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Figure 5.8 More than 80% agree or strongly agree that they tailor off-site training to the
meet the needs of the job, while 7% did not understand the question.
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5.3.2 Frequency Items – ‘Don’t Understand the Question’
The Frequency group of questions seemed to present more challenges to the female
respondents, particularly items, 12b, 12c, 13b, 16d, 17c and 18d, Figure 5.9.
National Survey of People at Work in Ireland - Frequency items 'Don't Understand the
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Figure 5.9 Survey Frequency items that Female respondents did not understand.
Males reported their lack of understanding on the same items but to a
lesser extent.

Each of these items are now examined by reference to gender and job skills levels to
investigate to what extent they may be linked.
Q12b. I measure dimensions in work
This item was designed to enquire about ‘acting on’ information in the form of
space and/or shape. Even though 5% of females did not understand the question, 27%
reported never or hardly ever having measured something in work, while 23% indicated
that they did so regularly, ranging from monthly cycles to almost every day, Figure
5.10.1. Males reported slightly more regular use at 26%, taken together with Females
accounting for less than half of the sample.
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National Survey of People at Work in Ireland - Q12b. I measure dimensions in
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Figure 5.10.1 Q12b Acting upon Space and Shape.

From the perspective of Job Skills level, most prominent is level 3, which is
consistent with the gender bias of the sample, Figure 5.10.2. It is somewhat counter
intuitive that measurement would ‘Never or hardly ever’ be used in a work context.
Perhaps ‘measure’ and ‘dimension’ carry meanings that indicated using measuring
instruments, as might be associated with construction and manufacturing.
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Figure 5.10.2 Q12b Acting upon Space and Shape by reference to job skills level.
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Q12c. I notice a problem in work when the measurements and dimensions seem to
be out of line with the usual.
This item was another attempt to capture the Numerate Behaviour of evaluating the
information transmitted by space and shape. While the majority of the sample 58.2%
recognize their regular activity in this domain, 27.1% do not, Figure 5.11.1, regardless
of Job Skills level, Figure 5.11.2.

National Survey of people at Work in Ireland . Q12c. I notice a problem in work when
the measurements and dimensions seem to be out of line with the usual
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Figure 5.11.1 Q12c Evaluate Space and Shape

When distributed across Skills levels, it seems that the lowest frequency of responses
are similar in profile, if not in extent. Level 3 is most prominent in all categories,
possibly due to the overall profile of the sample, Figure 5.11.2.
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National Survey of People at Work in Ireland - Q12c. I notice a problem in work when the
measurements and dimensions seem to be out of line with the usual - with reference to
Job Skills level
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Figure 5.11.2 Q12c Evaluate Space and Shape by reference to job skills levels

Q13b. I think about the shapes involved in a problem to find the solution
More than 43% did not recognize a role for the concept of shapes in problem solving,
while almost the same proportion did. 7% did not understand the question, Figures
5.12.1.
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National Survey of People at Work in Ireland - Q13b. I think about the
shapes involved in a problem to find the solution.

Responses

30%
25%
20%
15%
10%

5%
0%
Never
(hardly ever)

Yearly

Monthly

Females

Weekly

Daily

DUtQ

males

Figure 5.12.1 Q13b The role of Shape in Problem Solving (PS)
Similar consistency is apparent when the responses are distributed across skills
levels, Figure 5.12.2.
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Figure 5.12.2 Q13b The role of Shape in Problem Solving by reference to job skills
level
Q16d. I use the shapes involved in a problem when trying to find a solution
This is similar in intent to item 13b, and displays a similar response.
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More than 40%, mostly females, have little or no use for shape in problem solving.
More than 44%, with equal gender representation use shape frequently and regularly,
whereas 7%, almost 4 times more females than males did not understand the question,
Figure

5.13.1.

National Survey of People at Work in Ireland - Q16d. I use the shapes
involved in a problem when trying to find a solution.
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Figure 5.13.1 Q16d: The role of Shape in Problem Solving

The Job Skills distribution shown in Figure 5.13.2, illustrates that the preponderance
of non- use is amongst the skills level 3, being fairly evenly distributed otherwise.
National Survey of People at Work in Ireland - Q16d. I use the shapes involved in a
problem when trying to find a solution
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Figure 5.13.2 Q16d The role of Shape in Problem Solving by reference to job skills level
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Q17c. I use reasoning skills on the shapes involved in a work problem when trying
to figure out a solution
Almost three times as many females as males, 26.8% and 9.5% respectively, never
or hardly ever use shapes when solving problems in work, while slightly more males
than females, 26.5%, 22.6% respectively, regularly and frequently do. Almost three
times as many females than males, 5.6%, 1.9%, did not understand the question, Figure
5.14.1
National Survey of People at Work in Ireland - Q17c. I use reasoning skills on the shapes
involved in a work problem when trying to figure out a solution
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Figure 5.14.1 Q17c: The role of shape in Problem Solving.

Non-use of Space and Shape in Problem Solving is similarly distributed amongst Job
Skills levels as before, Figure 5.14.2.
National Survey of People at Work in Ireland - Q17c. I use reasoning skills on the
shapes involved in a work problem when trying to figure out a solution
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Figure 5.14.2 Q17c:The role of Shape in Problem Solving by reference to job skills level
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Q18d. I use my knowledge of shapes when trying to find a solution to a work
problem
This is a recasting of the enquiry into the relationship between shape and problem
solving in work. The non-recognition of the role of shape in problem solving, especially
amongst female respondents persists, reporting 31.6% compared to 12.7% for males.
Males use the concepts of shape more frequently than females, 24% compared to
17.8%, while almost four times as many females as males did not understand the
question i.e. 5.1% and 1.4% respectively, Figure 5.15.1.
National Survey of People at Work in Ireland - Q18d. I use my knowledge of shapes
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Figure 5.15.1 Q18d: The role of Shape in problem solving

Similarly, the majority of non-use is reported in skills level 3, fairly evenly
distributed otherwise, Figure 5.15.2.
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Figure 5.15.2 Q18d:The role of Shape in problem solving by reference to Job Skills Level
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5.3.3 Summary
These six items are consistent in the extent to which they report ‘Don’t understand
the question’, with a mean of 7.3%, females exceeding males by a multiple of 3.2.
Females are 2.5 times more likely to report that Space and Shape never or hardly ever
feature in their problem-solving activity, whereas males are one and one-quarter times
more likely than females to use Space and Shape regularly and frequently, even though
they are outnumbered by a factor of 1.61. Whether the wording of the items conceal
their meaning is moot, insofar as they have elicited the same distribution of response. It
is surprising that the utility of Space and Shape as a problem-solving support in the
workplace should be recognized and dismissed in equal measure, especially in a
marketing world where similar products are compared in terms of size and shape, in
addition to functionality. Having dealt with seemingly non-performing survey items,
this chapter now provides an interpretation of what the sample had to say about their
visibility of their use of mathematics in work.

5.4 Key Findings
The structure of the survey explored workers’ attitudes and beliefs about
mathematics in three ways viz., Demographic Characteristics, their Awareness of their
Numerate Behaviour, and the extent of their recognition of the Frequency of their
Numerate Behaviour. The next sections present a summary of the key findings,
supported by survey data analysis in Table 5.2, and a range of graphics.

5.4.1 Awareness of Numerate Behaviour
1. Mathematics, or any skill that may be interpreted as being underpinned by
mathematics e.g. budgeting, finance, estimating, calculating and so on, are
hardly mentioned amongst approximately 1200 statements of the skills that are
key to the performance of a job, Figure 5.16.

2. The vast majority either Agreed (A) or Strongly Agreed (SA), that:


they use mathematical information in work (88%)



the ability to estimate and calculate is important in their job (84%)



they pick out mathematical information to do their job (75%)



they do not pass on to others problems that involve quantities and numbers
(83%)
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They acknowledge that mathematics plays an important in their work (69%
SA or A) compared with 94% that mathematics is important in the world in
general.

3. 78% SA or A about the utility of charts and graphs when communicating
information about work, but only 67% about their role in problem solving and
comparing.

4. There is a sharp difference of opinion around Data handling and Chance. Data
is perceived as having a lesser role in problem solving (66-70%) whereas the
power of past events to predict future events is strongly recognized (91-97%)

5. 83% SA or A that there is a procedure to deal with many of the situations that
arise in work, and 78% follow procedure. However, only 42% SA or A that their
work is straight forward. Since procedures exist to simplify, control, optimize
and manage work, this suggests that almost 60% of work is not covered by
procedure, perhaps because almost 60% of work may not be prescribed. One
inference is that the majority of a person’s work is unpredictable and volatile,
requiring higher levels of competence rather than more sophisticated knowledge
and skill.

6. 86% A or SA that off-the-job training has to be adapted to local conditions and
surrounded by the language that is specific to the location of the work (76%).

There is a stark contrast between the survey-reported levels of conscious
appreciation for the role of mathematics in work, coexisting with that expressed in
response to specific enquiry into specific behaviours in encounter with specific
Mathematics Domains. While this seems to confirm and disconfirm, simultaneously, the
role of Mathematics Knowledge, Skills and Competence in work, the path to a
reasonable explanation must begin with a detailed understanding of the source of these
conflicting ideas.
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5.4.2 Mathematics Denial / Use Paradox
The sixth item in the survey instrument invited the respondents to state their
perception of the three skills that were key to the performance of their job. The author
inputted the resulting 1200 (approximately) responses into Wordle © i.e. an online
‘word cloud toy’ which produces an artistic representation of the words prominently
featured in a piece of text in a size proportionate to the frequency of their occurrence,
Figure 5.16.

Figure 5.16 Statements of key job skills rendered by Wordle ©
It is clear that the ‘maths’, highlighted by the white arrow, barely features at less
than 4% of the whole. It is as though MKSC does not come to mind, in the same way as
Literacy and Reading skills register at less than 1%, seemingly being taken for granted.
The findings of more detailed enquiry items, worded to reflect more realistic
situations, depict quite a different narrative. It can be seen from Table 5.2, that the vast
majority acknowledge very high levels of their awareness of the utility and relevance of
mathematics in their workplaces, by Agreeing or Strongly Agreeing with the
proposition of the survey item – with a few highlighted in red for special mention.
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Table 5.2 Awareness Items: Proportion of Agree and Strongly Agree – item
sequence
Item
no.

Question Text

8a

Quantities and measurements are a good basis for comparison
between 2 things
I pick out mathematical information to do my job
The work I do is straight forward
The ability to calculate and estimate is important in my job
Diagrams, plans, models, graphs and charts are useful when
discussing work with colleagues
Differences in shapes and patterns between jobs are a useful way of
comparing them
I use mathematical information in work
Graphs, charts, maps and schedules contain information I need for
my job
The solution to a work problem is based on data and likelihood
I follow the procedure to do my job
Maths play an important part in my work
It takes time to learn the lingo we use in work
Thinking about how a problem came about and about how effective
the solution was, is good preparation for the next time a problem
occurs
There is a procedure for dealing with many of the situations that
arise in work
I adapt the 'off the job' training I get for the job I actually do
I pass on to another person any work problems that involve
quantities or numbers
Knowing what to expect in work can give an early indication of a
problem
Work problems can be solved with the help of graphs or timetables
or maps or numbers

8b
8c
8d
8e
8f
9a
9b
9c
9d
9e
9f
10a

10b
10c
10d
10e
10f
10g

% Respondents
Agree or
Strongly Agree

Mathematics is important in the World generally

88.3%
75.0%
42.2%
84.3%
78.4%
62.8%
88.2%
77.4%
69.8%
77.6%
68.8%
76.4%
96.8%
83.1%
86.2%
17.4%
90.9%
66.9%
94.4%

Item 10d indicates that the majority people in work accept the responsibility for work
problems that involve quantities or numbers, in this way expressing their engagement
with mathematics in work, to whatever extent that arises.
Item 8c, by reporting that the substantial minority, 42.2%, agree with the proposition
that work is straightforward, implies that the majority disagree, did not know or did not
understand the question. This item was designed to gauge the extent of habit forming
routine of work, and to be considered together with two other items, viz., 10b and 9d.
In the former, 83.1% either A or SA that there was a procedure for dealing with many of
the situations that arise. In the latter, 77.6% A or SA, that they follow procedure to do
their job. Procedures proliferate in workplaces to maintain standards, minimize scope
for error and omission, and optimize service levels. Since the vast majority follow
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procedure to do their job, it seems a reasonable inference that work would be straight
forward.

This is not the experience reported by the majority of the workers.

Furthermore, since 86% express the need to adapt off-site training to the needs of their
job, and that 76.4% report a particular language use in the workplace, seems to indicate
that the contextualization of the workplace features something other than identifiable
knowledge and skills. This matter will be revisited in Chapter 7, Emergent Issues. The
author now re-groups the Awareness items by reference to their topic domains and
offers an interpretation of their meaning.
Table 5.3.1 Awareness items regarding Mathematically Explicit Numerate
Behaviour
Item
no.

Question Text

% Respondents
Agree or
Strongly Agree

8b

Mathematics Explicit items
I pick out mathematical information to do my job

8d

The ability to calculate and estimate is important in my job

9a

I use mathematical information in work

9e

Maths play an important part in my work

10d

I pass on to another person any work problems that involve
quantities or numbers
Mathematics is important in the World generally

10g

75.0%
84.3%
88.2%
68.8%
17.4%
94.4%

** See Figures R.18A and B Created after Rasch Analysis
These items were constructed featuring terms that are normally associated with
mathematics. There were high levels of agreement regarding the Numerate Behaviours
referred to and its personal importance, although agreement on the general status of
mathematics in the World is almost total. This pattern of responses serves to reflect that
the vast majority accept responsibility for their Numerate Behaviour in work, and is
further confirmed in Table 5.3.2.
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Table 5.3.2 Awareness items regarding Quantity and Number
Item
no.

Question Text

8a

Quantities and measurements are a good basis for comparison
between 2 things
The ability to calculate and estimate is important in my job

8d
10d

% Respondents
Agree or
Strongly Agree

I pass on to another person any work problems that involve quantities
or numbers

88.3%
84.3%
17.4%

There is a contra-indication that problems involving Quantity and Number (Q&N)
are faced by the majority in work and not avoided, item 10d. Otherwise, manipulating
Q&N is acknowledged by the vast majority for its prominence and utility in work.
The domains of Space and Shape (S&S) and Pattern and Relationship (P&R) are
taken together due to the difficulty of differentiating between them in workplace
situations. These terms are loaded with multiple, non-mathematics connotations, and
are likely to index different meanings across a spectrum such as contained in the survey
sample. This may be accounted for by the use of Shape and Space to model Patterns and
Relationships. There are two contrasting interpretations illustrated by Table 5.3.3.

Table 5.3.3 Awareness items regarding Space and Shape and Pattern and
Relationships
Item
no.

Question Text

8e

Diagrams, plans, models, graphs and charts are useful when
discussing work with colleagues
Graphs, charts, maps and schedules contain information I need for
my job
Work problems can be solved with the help of graphs or timetables
or maps or numbers
Differences in shapes and patterns between jobs are a useful way of
comparing them

9b
10f
8f

% Responses
Agree or
Strongly Agree
78.4%
77.4%
66.9%
62.8%

There is less strong agreement about the utility of S&S and P&R, although they are still
very broadly recognized as having an important role in the workplace. It is apparent that
Q&N is more easily identified with Mathematics than S&S or P&R. There is also an
embedded contradiction between information-bearing and communication support on
the one hand, and problem solving and comparison on the other. Placing P&R item
responses in the company of Data handling and Chance (Dh&C) illustrates another
contrast in Table 5.3.4.
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Table 5.3.4 Awareness of Data handling and Chance
Item
no.

Question Text

9c

The solution to a work problem is based on data and likelihood

10f

Work problems can be solved with the help of graphs or timetables
or maps or numbers

10a

10e

% Respondents
Agree or
Strongly Agree

Thinking about how a problem came about and about how effective
the solution was, is good preparation for the next time a problem
occurs
Knowing what to expect in work can give an early indication of a
problem

69.8%
66.9%
96.8%
90.9%

There is a sharp division between items 9c and 10f when compared to items 10a and
10e. It seems that there is substantially less recognition of the problem-solving capacity
of the available data than the capacity to extrapolate from experience. There seems to be
a disconnection between the representation of data and the imagining of it. In the
absence of corroborating empirical evidence, this set of perspectives may echo the
‘commonsense’ perception of work skills, once having been learnt, becoming subsumed
into an automatic operation comprising identifying, evaluating and acting upon
mathematics containing situations, Table 5.3.5.

Table 5.3.5 Awareness items - regarding Process and Procedure
Item
no.

Question Text

% Respondents
Agree or
Strongly Agree

8c

The work I do is straight forward

9d
10b

I follow the procedure to do my job
There is a procedure for dealing with many of the situations that
arise in work

42.2%
77.6%
83.1%

Even though the workplace is replete with processes and procedures, being followed by
the vast majority, the practise of work is reported as not being straightforward, perhaps
volatile and unpredictable. This may be evidence that the workplace is complex and
that the variation experienced by workers may account for more than half of work
activity. That workplaces may be unique in other ways is illustrated in Table 5.3.6.
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Table 5.3.6 Awareness items regarding Context Effect
Item
no.

Question Text

% Respondents
Agree or
Strongly Agree

9f
10c

It takes time to learn the lingo we use in work
I adapt the 'off the job' training I get for the job I actually do

76.4%
86.2%

These responses tend to confirm the binding effect of context, and the uniqueness of
the workplace as the vast majority find they have to tailor their off-site training to meet
the requirements of the job they actually do, and communicate about it using a
vocabulary developed to meet local requirements. More than three quarters of
respondents either Agree or Strongly Agree that there is a ‘lingo’ or locally specific
language related to their job, which takes time to learn. The activity of learning in
work, especially the non-formal and informal, whether tacit, explicit or analogical, is
necessarily situated in the locally specific language, and may be most successfully
disseminated amongst the local community. This is reinforced by very high levels of
agreement that ‘off-the-job’ learning efforts are adapted for the local requirements. In
this way, the benefit of having ‘learnt’ the job may confine the knowledge, skills and
competence underpinning the job, to the context of the job, and may be consumed by it.
The possible affordances of being able to disambiguate the MKSC learnt for the job,
from the practice of doing the job are discussed in Chapter 7: Emergent Issues.
The author recombined the responses by reference to specific Numerate Behaviours
in encounter with any workplace, in accordance with the Awareness items finally
selected for inclusion in the survey and their functional intent, Table 3.15. The evidence
is strong that the respondents recognized instances of Numerate Behaviour in encounter
with a variety of workplace contexts, Figure 5.17.
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National Survey of People at Work in Ireland - Instances of Numerate Behaviour in Work

Respondents

100%
80%

60%
40%

20%
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DK

SD & D

A & SA

DUTQ

Figure 5.17:Numerate Behaviour in encounter with any workplace domain
Key: SD = Strongly Disagree, D = Disagree, A = Agree, SA = Strongly Agree,
DUTQ= ‘Don’t understand the Question’.

Notable is the extent of Strong Disagreement and Disagreement (SD and D) in relation
to Problem Solving. This category includes the very negative response to the item about
passing on problems to another person (10d). The author decided against reverse coding
this item on the grounds that it was not logically sound i.e. that the opposite of Strongly
Disagree is not necessarily Strongly Agree. In this way, the item gained prominence due
to its contra indications. The Awareness response set, reconfigured from the point of
view of the workplace domains, Figure 5.18, offers strong corroboration that workers
are conscious of their Numerate Behaviours.
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National Survey of People at Work in Ireland - Awareness of Numerate
Behaviours
100%

Respondents

80%
60%

40%
20%
0%
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SD & D

A & SA

DUTQ

Figure 5.18 Summary : Awareness of Numerate Behaviours in encounter with
specific workplace domains.
Key: SD = Strongly Disagree, D = Disagree, A = Agree, SA = Strongly Agree,
DUTQ= ‘Don’t understand the Question’.

The domain of Commonsense runs counter to all other indicators, mainly because it
includes item 8c to which workers responded emphatically in the negative to the
suggestion that their work was straightforward, even though this is a reasonable
inference based of the reported proliferation of procedures and adherence to them.
These analyses of the responses to Awareness survey items tends to underline denial
of use in general terms, accompanied by wide-spread recognition in specific terms.
This paradox seems to suggest that the visibility of mathematics in work is more a
function of how it is enquired about rather than measuring its extent. Item responses
regarding the recognition of the frequency of Numerate Behaviour in support of work,
offers another perspective.

5.4.3 Frequency of Numerate Behaviour
The Frequency segment of the survey is founded on the construct of Numerate
Behaviour in response to different Mathematics Domains, Tables 3.16 and 3.17. The
underpinning hypothesis is that, while enquiries about the use of mathematics in general
terms expressed from an academic standpoint may be dismissed by workers as
belonging in the mathematics classroom, enquiries shaped by the workplace activities
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may be more readily recognized and acknowledged.

In other words, whether the

individual rejects the relevance of mathematics or not, survey items set in workplace
contexts, may better capture instances of Numerate Behaviour in work and enable
workers to recognize their occurrence and frequency. The corollary expected is that
evidence of awareness of Numerate Behaviour should be corroborated by similar levels
of frequency of use. While there may be evidence of other complementarities relating to
gender, job skills age range and mathematics education, this present work did not
explore them at this time.
The author acknowledges that how often a person does something or uses a piece of
skill can be cyclical. There may be time sensitive jobs that synthesize information from
other sources, e.g. quarterly reports, forecasting and project review. These could occur
daily, weekly or monthly. Yearly is in the realm of ‘hardly ever’ for the purposes of this
survey. In this way, instances of Numerate Behaviour that occur monthly, weekly or
daily represents high frequency of use. Monthly activities are likely to be more
demanding, requiring identification, synthesis, evaluation, interpretation, acting upon
and communicating about. They may carry higher levels of risk, materiality,
accountability, i.e. factors that seem to contribute to context complexity rather than the
difficulty of the MKSC involved. This facet is explored in more depth in Chapter 7:
Emergent Issues.
There is a possibility that to those for whom ‘never or hardly ever’ is a persistent
and ubiquitous response, mathematics is truly invisible. This is balanced by the
probability that since this survey elicited evidence of very high degrees of recognition
of the frequency of mathematics use, and that the workers comprising the sample
represent a very broad spectrum of endeavour, there may well be jobs substantially
devoid of Numerate Behaviour, suggesting the need for further study, Chapter 8.
The reported frequency of Numerate Behaviours in responding to different
mathematics domains, is summarized in Table 5.4, on the basis of at least monthly, i.e.
including weekly and daily. A more detailed breakdown of responses is provided in
Table 5.5, and further elaborated in Table series 5.6 and 5.7 An estimate of the
mathematics content of the self-reported key job skills is included, attributing the same
level to each mathematics domain i.e. < 4%, Figure 5.19.
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Table 5.4 Matrix of Numerate Behaviour (NB) – monthly or more frequently - in response
to specific Mathematics Domains (MD)
Numerate
Quantity and
Pattern and
Space and
Data handling
Behaviour
Number
Relationship
Shape
and Chance
78%
81.4%
62.6%
80.2%
Identify
72.7%
80.7%
55.8%
84.5%
Evaluate
75.9%
64.1%
52.9%
71.5%
Act upon
Communicate
74.7%
71.5%
62%
76.4%
about
Workplace
88.5%
80.3%
68.4%
78.8%
Activities
72.5%
81.7%
52.4%
77.9%
Problem Solving
Managing
77.8%
74.5%
63.9%
80.8%
Situations
Self-reported
3.58%
3.58%
3.58%
3.58%
Job Skills

The reported percentages indicate the proportion of respondents who recognized the
frequency of their own Numerate Behaviour at least monthly, which includes weekly
and daily. These same data are illustrated in a graphic, Figure 5.19, to facilitate a more
vivid contrast.
National Survey of people at Work in Ireland - Self-reported Frequency of Numerate
Behaviour, monthly, weekly or daily, in encounter with Mathematics Domains
100%
90%

80%

Respondents

70%
60%
50%
40%
30%
20%
10%
0%

Q&N

P&R

S&S

Dh&C

Figure 5.19 Numerate Behaviours in encounter with Mathematics Domains on
Monthly, Weekly or Daily bases.
Key: Q&N = Quantity and Number, P&R = Pattern and Relationship,
S&S = Space and Shape, Dh& C = Data handling and Chance
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Reading Table 5.4, in conjunction with Figure 5.19, demonstrates that workers in
the sample recognized a range of Numerate Behaviours in encounter with different
mathematics domains, on a regular basis. It is clear that around 80% of the respondents
behave in numerate ways to solve problems and manage situations that contain
mathematics information in the form of Quantity and Number, Pattern and Relationship,
and Data handling and Chance. Space and Shape also feature, but to a much lesser
extent.

5.5 Numerate Behaviours in response to Mathematics Domains
The following sections are concerned with the extent to which the survey
respondents accounted for the role of different mathematics Domains in workplace
settings

5.5.1 Space and Shape
According to the survey, the least used mathematics domain is Space and Shape and
the least used behaviour in encounter with S&S is Acting Upon. Next is Evaluation,
followed by Communicating About and Identifying. S&S is reported to be used when
solving problems and managing situations but even then only 68% of the time.
This finding is counter intuitive to an environment that is flooded with parameters of
size and shape. These levels of MKSC recognition, while clearly in the majority, leave
a substantial minority view unclear. That size and shape parameters are ubiquitous in
the World in general, e.g. the new Apple iPhone 5© is promoted as the thinnest and
lightest ever,

and in the workplace in particular, suggests that they have become

subsumed into something else, especially when compared to Pattern and Relationship.
An extended version of Activity Theory may offer a possible explanation and is
discussed in Chapter 7: Emergent Issues.

5.5.2 Quantity and Number, Pattern and Relationship, and Data handling and
Chance
These three domains share similar frequencies of Numerate Behaviour but there are
some subtle differences. Q&N is most frequently reported when solving problems and
managing situations, closely followed by Acting upon, Identifying and Communicating
about. Pattern and Relationship is widely used across all Mathematics Domains (MD)
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and Numerate Behaviours (NB). The detailed breakdown of Frequency Items and
responses is provided in Table 5.5, listed in the order in which they appeared in the
survey. The table reports the item number and the Numerate Behaviour to which it
refers. This is followed by the Mathematics Domain the item enquires about and
provides the text of the item. The proportion of the responses in each of three frequency
categories is shown in the rightmost columns. A key to the codes is provided at the
bottom of the Table.
Table 5.5 Survey Item Frequency breakdown in Item number order
(NB = Numerate Behaviour, MD = Mathematics Domain, Code key at end of Table)
Item

NB

MD

Item Text

11a

A

D

I use the data involved in a work problem to
trace the likely cause

11b

E

R

11c

E

H

11d

E

D

11e

O

H

11f

E

Q

12a

W

T

12b

E

H

12c

E

H

12d

12e

W

B

D

R

12f

E

R

13a
13b

W
E

Q
H

13c

E

R

13d

B

R

< = Yr > = Mt
%
%

I make sense of information that I receive in
the form of charts, graphs, timetables and the
like
I use reasoning skills on the measurements
involved in a problem to figure out a solution
I interpret information from a variety of
sources to form an opinion about a work
situation
I use measurements to describe the solution
to a work problem
I figure out the affect that quantities have on
my work
I apply ready made solutions to familiar
problems that arise in work
I measure dimensions in work
I notice a problem in work when the
measurements and dimensions seem to be out
of line with the usual
From among the possible solutions, I select
the one most likely to solve the immediate
problem
When trying to solve a problem, I take into
account that a change in one part of the
problem can have an affect on another
I use my knowledge of the system to trace a
fault back to the cause
I make estimates in my head about work
I think about the shapes involved in a
problem to find the solution
I notice there is a problem when some aspect
of my work differs from what I would
normally expect
I use my knowledge of how different parts of
the system affect each other to find a solution
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25.3

>= Wk
%

71.5

52.6

22.3

77.2

53.6

15.8

80.3

63.1

8.6

90.4

76.6

28.7

70.1

49.2

26.6

68.0

47.8

13.5

85.7

67.9

43.6

49.1

32.5

35.1

58.1

36.8

13.3

84.2

67.7

9.0

89.7

74.4

12.8

84.7

64.2

10.7

88.5

80.4

49.5

43.1

34.5

17.3

80.7

58.1

14.0

83.7

64.4

13e

A

R

13f

W

R

14a

A

Q

14b

O

R

14c

O

Q

14d

E

R

14e

E

R

14f

E

H

15a

E

R

15b

Y

H

15c

E

H

15d

W

D

15e

Y

D

15f

A

R

16a

O

Q

16b

E

Q

16c

Y

R

16d

A

H

16e

E

R

16f

O

D

17a

A

H

17b

Y

Q

17c

E

H

17d

Y

D

to a problem
I convert work information from one
measuring system to another
I try and solve a problem that arises in work
by ruling in only possible explanations
I work with amounts and quantities to solve a
problem
I discuss work drawings, schedules or
spreadsheets with colleagues to make sense
of them
I describe the solution to a problem using
numbers and quantities
I use the information I get from a variety of
sources to make judgments about work
I figure out the affect one quantity may have
on another in work
I read charts, graphs, sketches and the like to
get information about my work
I detect problems in work when something
does not seem to fit in with the usual pattern
I get work information in the form of
measurements and proportions
I notice there is a problem in work when the
shape of some part of it is different from
usual
I merge work data from different sources to
create an overall report
I solve a problem by exploring the data for a
likely explanation
I make estimates about the information
contained in charts, graphs, diagrams,
timetables and the like
I discuss quantities associated with my job
with work colleagues
I use reasoning skills on the numbers aspect
of a problem to try and find a solution
I find what I want by sorting information into
sequence
I use the shapes involved in a problem when
trying to find a solution
I detect problems in work when the data does
not seem to fit with normal expectations
I describe a work situation using the data
involved
I use diagrams, sketches, models and the like
when I communicate about work
I get work information in the form of quantities
and numbers
I use reasoning skills on the shapes involved
in a work problem when trying to figure out a
solution
I collect work data from different sources as
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35.0

60.9

44.4

23.2

73.9

55.1

23.3

75.9

56.4

28.2

71.5

48.9

27.9

72.1

50.0

12.8

86.7

71.3

22.1

76.6

57.2

27.4

72.3

53.1

18.3

80.9

57.9

36.6

62.6

42.2

43.1

52.2

33.6

26.2

73.3

45.3

21.7

77.3

56.1

31.9

67.3

45.0

21.0

78.5

57.8

22.3

76.9

57.5

17.3

81.4

60.9

47.9

44.7

31.3

21.3

77.9

54.0

22.8

76.4

56.7

39.0

61.0

43.0

21.2

78.0

57.7

43.5

49.1

36.6

16.6

83.1

64.8

17e
17f

W
O

H
H

18a

O

Q

18b

B

T

18c

E

Q

18d

E

H

18e

E

D

18f

E

Q

part of my job
I measure things
I use the quantities of a problem to help draw
a sketch, diagram or the like when discussing
a problem
I describe some things in work using numbers
and mathematical ideas
I apply ready-made solutions to familiar
problems that arise in work
I make work judgments around priority,
urgency, importance and so on, on the basis
of the numbers involved
I use my knowledge of shapes when trying to
find a solution to a work problem
I keep track of potential problems by
comparing actual with expected outcomes
I check on the quantities aspect of a work
situation after a solution has been
implemented to gauge how well it has
worked

30.8

68.4

52.3

45.4

53.8

35.0

26.2

73.5

51.7

18.3

81.2

62.1

19.1

80.4

65.6

51.6

41.9

30.5

20.7

78.5

53.2

30.9

65.3

42.2

Key:
<= YR% : Percentage of respondents reporting frequency of NB of Yearly or less
> = Mt % : Percentage of respondents reporting frequency of NB Monthly or more
>= Wk% : Percentage of respondents reporting frequency of NB Weekly or more
Numerate Behaviour Code NB:
A= Act upon, E = Evaluate, Y= Identify, O = Communicate about, B = Problem Solving,
W = Workplace behaviour.
Mathematics Domain Code MD:
D = Data handling and Chance, R = Pattern and Relationship, H = Space and Shape
Q= Quantity and Number, T = Training.

The author re-sorted the Frequency Items and summarized the responses in two
ways:


Tables 5.6.1 – 5.6.5: Any Numerate Behaviour in response to specific
Mathematics Domains,



Tables 5.7.1 – 5.7.6: Specific Numerate Behaviours with any Mathematics
Domain

Each table entry is further classified by its association with Managing Situations (Mng)
or Problem Solving (PS).
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Table 5.6.1 Any Numerate Behaviour – Data handling and Chance
(Mng = Managing Situations, PS = Problem Solving)
Item

N
B

11a*

A

11d

12d

15d
15e
16f
17d*
18e

M
D

Text

Mng
or
PS
PS

<=
Yr
%
25.3

I use the data involved in a work problem to
trace the likely cause
E D
I interpret information from a variety of
Mng
8.6
sources to form an opinion about a work
situation
W D
From among the possible solutions, I
PS
13.3
select the one most likely to solve the
immediate problem
W D
I merge work data from different sources
Mng
26.2
to create an overall report
Y D
I solve a problem by exploring the data
PS
21.7
for a likely explanation
O D
I describe a work situation using the data
Mng
22.8
involved
Y D
I collect work data from different sources Mng
16.6
as part of my job
E D
I keep track of potential problems by
PS
20.7
comparing actual with expected outcomes
Means (%)
19.4
* Rejected by Rasch Analysis as inferentially unstable, Chapter 6.

D

>=
Wk
%

>=
Mt
%
71.5

52.6

90.4

76.6

84.2

67.7

73.3

45.3

77.3

56.1

76.4

56.7

83.1

64.8

78.5

53.2

79.33

59.12

The Managing Situations (Mng) and problem Solving (PS) Statistics were
aggregated separately. All Numerate Behaviours are reported as being used in either
Problem Solving (77.9%) or Managing mathematics containing situations (80.8%), in
the case of Dh&C, around 20% do not.

Problem solving involved Acting Upon,

Identifying and Evaluating only, whereas Managing involved Acting upon, Identifying,
Evaluating and Communicating about. However, there is a substantial proportion of
respondents who seem to be saying that they do not use the data to trace a problem, they
do not synthesize data from different sources, or describe work in terms of the data
involved, or compare the actual outcome with the expected outcome. At the same time,
the vast majority say that they collect and interpret data from a variety of sources. This
apparent contradiction is noted for further consideration in the Discordant Items,
Section 5.4.1, presented at the end of this section and cross-referenced to the Table
number (5.6.1 – 5.7.5) in which the discord arises, together with observations
concerning the data presented in Table 5.6.2
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Table 5.6.2 Any Numerate Behaviour: Pattern and Relationship
>=
Mt
%

>=
Wk
%

Item

N
B

M
D

Item Text

Mng
or
PS

<=
Yr
%

11b*

E

R

Mng

22.3

77.2

53.6

12e

B

R

PS

9.0

89.7

74.4

12f

E

R

PS

12.8

84.7

64.2

13c

E

R

PS

17.3

80.7

58.1

13d

B

R

PS

14.0

83.7

64.4

13e

A

R

Mng

35.0

60.9

44.4

13f*

W

R

PS

22.3

73.9

55.1

14b

O

R

Mng

28.2

71.5

48.9

14d

E

R

Mng

12.8

86.7

71.3

14e

E

R

Mng

22.1

77.6

57.2

15a

E

R

PS

18.3

80.9

57.9

15f

A

R

Mng

31.9

67.3

45.0

16c

Y

R

I make sense of information that I receive in the
form of charts, graphs, timetables and the like
When trying to solve a problem, I take into
account that a change in one part of the problem
can have an affect on another
I use my knowledge of the system to trace a
fault back to the cause
I notice there is a problem when some aspect of
my work differs from what I would normally
expect
I use my knowledge of how different parts of the
system affect each other to find a solution to a
problem
I convert work information from one measuring
system to another
I try and solve a problem that arises in work by
ruling in only possible explanations
I discuss work drawings, schedules or
spreadsheets with colleagues to make sense of
them
I use the information I get from a variety of
sources to make judgments about work
I figure out the affect one quantity may have on
another in work
I detect problems in work when something does
not seem to fit in with the usual pattern
I make estimates about the information
contained in charts, graphs, diagrams, timetables
and the like
I find what I want by sorting information into
sequence

Mng

17.3

81.4

60.9

16e

E

R

I detect problems in work when the data does
not seem to fit with normal expectations
Means (%)

PS

21.3

77.9

54.0

20.3

78.2

57.8

* Rejected by Rasch Analysis as inferentially unstable, Chapter 6

All Numerate Behaviours are reported as engaging very frequently with Pattern and
Relationship containing situations and

are more associated with Problem solving

(81.8%) than in Managing, 64.65%. Although there is a solid 20% in the Yearly or less
category, it may be overstated on the basis of items 13e, 14b and 15f, which seem to
score well above the mean. This observation is noted for further comment in Discordant
Items, Section 5.4.2.
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Table 5.6.3 Any Numerate Behaviour: Space and Shape
Item

N
B

M
D

11c*

E

H

11e

O

H

12b

E

H

12c

E

H

13b
14f
15b
15c

16d
17a

17c

17e
17f*

18d

Text

I use reasoning skills on the
measurements involved in a problem
to figure out a solution
I use measurements to describe the
solution to a work problem
I measure dimensions in work

>=
Wk
%

Mng
or
PS
PS

<=
Yr
%
15.8

>=
Mt
%
80.3

63.1

Mng

28.7

70.1

49.2

Mng

43.6

49.1

32.5

I notice a problem in work when the
PS
35.1 58.1
measurements and dimensions seem to
be out of line with the usual
E H
I think about the shapes involved in a
PS
53.4 46.6
problem to find the solution
E H
I read charts, graphs, sketches and the
Mng
27.4 72.3
like to get information about my work
Y H
I get work information in the form of
Mng
36.6 62.6
measurements and proportions
E H
I notice there is a problem in work
PS
43.1 52.2
when the shape of some part of it is
different from usual
A H
I use the shapes involved in a problem PS
47.9 44.7
when trying to find a solution
A H
I use diagrams, sketches, models and
Mng
39.0 61.0
the like when I communicate about
work
E H
I use reasoning skills on the shapes
PS
43.5 49.1
involved in a work problem when
trying to figure out a solution
W H
I measure things
Mng
30.8 68.4
O H
I use the quantities of a problem to
PS
45.4 53.8
help draw a sketch, diagram or the like
when discussing a problem
E H
I use my knowledge of shapes when
PS
51.6 41.9
trying to find a solution to a work
problem
Means (%)
38.7 54.9
*Rejected by Table specific Rasch Analysis for the introduction of noise.

36.8

37.3
53.1
42.2
33.6

31.3
43.0

36.6

52.3
35.0

30.5

41.2

While all Numerate Behaviours are reported as engaging with Space and Shape, the
regularity is at much reduced levels, Management activities (Mng) at 63.4% and
Problem Solving (PS) at 53.3%. Frequencies of a year or less are reported at a mean of
38.7 %, derived from a range of 28.7% - 30.8% for Managing, and between 15% 51.6% for Problem Solving. These combine to suggest that Space and Shape are less
useful or less perceptible in underpinning workplace activity. This observation is also
noted for further treatment, Discordant Items, Section 5.4.3.

200

Table 5.6.4 Any Numerate Behaviour (NB) : Quantity and Number (Q)
Item

NB

MD

Text

11f*

E

Q

13a**
14a

W
A

Q
Q

14c**

O

Q

16a

O

Q

16b

E

Q

I figure out the affect that quantities have
on my work
I make estimates in my head about work
I work with amounts and quantities to solve
a problem
I describe the solution to a problem using
numbers and quantities
I discuss quantities associated with my job
with work colleagues
I use reasoning skills on the numbers aspect
of a problem to try and find a solution

<=
Yr
%
26.6

>=
Mt
%
68.0

47.8

Mng
PS

10.7
23.3

88.5
75.9

80.4
56.4

PS

27.9

72.1

50.0

Mng

21.0

78.5

57.8

PS

22.3

76.9

57.5

21.2

78.0

57.7

26.2

73.5

51.7

19.1

80.4

65.6

30.9

65.3

42.2

22.9

75.7

56.7

I get work information in the form of
Mng
quantities and numbers
18a
O
Q
I describe some things in work using
Mng
numbers and mathematical ideas
18c
E
Q
I make work judgments around priority,
Mng
urgency, importance and so on, on the basis
of the numbers involved
18f
E
Q
I check on the quantities aspect of a work
PS
situation after a solution has been
implemented to gauge how well it has
worked
Means (%)
* Rejected by Rasch Analysis for inferential instability
** Rejected During Triangulation by Rasch Analysis , Chapter 6

17b

Y

>=
Wk
%

Mng
or
PS
Mng

Q

All four Numerate Behaviours concerning Quantity and Number are reported at high
frequency of use in the service of problem Solving (72.6%) and Managing Situations
(77.8%). The sporadic or non–use of this domain persists and is broadly in line with
other Numerate Behaviours. Four items, 11f, 14c, 18a and 18f, exceed the mean by a
substantial degree are noted for further treatment, Discordant Items, Section 5.4.4.

Table 5.6.5 Any Numerate Behaviour and Miscellaneous Domains
Item

N
B

M
D

12a
(3/50)
18b
(2/77)

W T

Text

<=
Yr
%
13.5

>=
Mt
%
85.7

I apply ready- made solutions to familiar
problems that arise in work
B T I apply ready-made solutions to familiar
18.3
81.2
problems that arise in work
Means (%) 15.9
83.45
Note these items were duplicated and elicited slightly different responses.
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>=
Wk
%

67.9
62.1
65.0

The following series of tables 5.7.1 – 5.7.6, Illustrates a reconfiguration of the
Frequency item responses by reference to their Numerate Behaviour category, as listed
in Table 5.5.
Table 5.7.1 Identify any Mathematics Domain
Item

NB

M
D

15b

Y

H

Text

I get work information in the form of
measurements and proportions
15e
Y
D
I solve a problem by exploring the data for a
likely explanation
16c
Y
R
I find what I want by sorting information into
sequence
17b
Y
Q
I get work information in the form of quantities
and numbers
17d* Y
D
I collect work information from different
sources as part of my job
Means (%)
*Rejected by Rasch Item Functionality review, Chapter 6.

>=
Wk
%

<=
Yr
%
36.6

>=
Mt
%
62.6

42.2

21.7

77.3

56.1

17.3

81.4

60.9

21.2

78.0

57.7

16.6

83.1

64.8

22.7

76.4

44.5

The outstanding response set refers to item 15b, by the extent to which it exceeds
the mean in the Yearly or less category, and its apparent contradiction by the other items
in this group. This is noted for further comment, Summary section 5.4.5.
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Table 5.7.2 Evaluate any Mathematics Domain
Item

N
B

M
D

11b*

E

R

Text

<=
Yr
%
22.5

>=
Mt
%
77.5

I make sense of information that I receive in the
form of charts, graphs, timetables and the like
11c
E H
I use reasoning skills on the measurements
16.4
83.6
involved in a problem to figure out a solution
11d
E D
I interpret information from a variety of sources to
8.7
91.3
form an opinion about a work situation
11f* E Q
I figure out the affect that quantities have on my
28.1
71.9
work
12b
E H
I measure dimensions in work
47.0
53.0
12c
E H
I notice a problem in work when the
37.7
62.3
measurements and dimensions seem to be out of
line with the usual
12f
E R
I use my knowledge of the system to trace a fault
13.1
86.9
back to the cause
13b
E H
I think about the shapes involved in a problem to
53.4
46.6
find the solution
13c
E R
I notice there is a problem when some aspect of
17.6
82.4
my work differs from what I would normally
expect
I use the information I get from a variety of sources
14d
E R
12.9
87.1
to make judgments about work
14e
E R
I figure out the affect one quantity may have on
22.4
77.6
another in work
14f
E H
I read charts, graphs, sketches and the like to get
27.5
72.5
information about my work
15a
E R
I detect problems in work when something does
18.5
81.5
not seem to fit in with the usual pattern
15c
E H
I notice there is a problem in work when the shape
45.1
54.9
of some part of it is different from usual
I use reasoning skills on the numbers aspect of a
16b
E Q
22.5
77.5
problem to try and find a solution
16e
E R
I detect problems in work when the data does not
21.5
78.5
seem to fit with normal expectations
17c
E H
I use reasoning skills on the shapes involved in a
46.9
53.1
work problem when trying to figure out a solution
18c
E Q
I make work judgments around priority, urgency,
19.2
80.8
importance and so on, on the basis of the numbers
involved
18d
E H
I use my knowledge of shapes when trying to find
55.2
44.8
a solution to a work problem
18e
E D
I keep track of potential problems by comparing
20.9
79.1
actual with expected outcomes
18f
E Q
I check on the quantities aspect of a work
32.1
67.9
situation after a solution has been implemented to
gauge how well it has worked
Means (%)
27.1
68.6
*Rejected during the Rasch Item Functionality Elimination Rounds, Chapter 6.
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>=
Wk
%

53.8
65.7
77.4
50.5
35.2
39.5

65.8
37.3
59.3

71.6
57.9
53.2
58.3
35.3
57.9
54.4
39.6
65.9

32.7
53.6
43.9

52.8

There is a broad range of responses regarding the frequency of Evaluating i.e. 44.8%
- 91.3%. Similarly, frequencies of Yearly or less range from 8.7% to 55.2%. Despite
this disparity, the mean regular use is a reasonably high 68.6%, accompanied by 27.1%
of infrequent or no use. There is clearly something causing this bi-polarity, requiring
further investigation, Discordant Items, Section 5.4.6.

Table 5.7.3 Act Upon any Mathematics Domain
Item

N M
B D

Text

11a*

A D

13e

A R

14a

A Q

I use the data involved in a work problem to trace
the likely cause
I convert work information from one measuring
system to another
I work with amounts and quantities to solve a
problem

15f

A R

>=
Wk
%

<=
Yr
%
25.3

>=
Mt
%
71.5

52.6

35.0

60.9

44.4

23.3

75.9

56.4

I make estimates about the information contained in 31.9 67.3
charts, graphs, diagrams, timetables and the like
16d
A H
I use the shapes involved in a problem when trying
47.9 44.7
to find a solution
17a
A H
I use diagrams, sketches, models and the like when
39.0 61.0
I communicate about work
Means (%) 33.7 63.6
*Rejected during the Rasch Item Functionality Elimination Rounds, Chapter 6.

45.0
31.3
43.0
45.4

The two standout items are 16d and 17a, seeming to distort the frequency with
which people act upon mathematics containing information. That these are associated
with Space and Shape is consistent with earlier reports. Seen in isolation here,

Data

handling and Chance, and Quantity and Number are more easily recognized. Perhaps
the notion of shape is contained by a three dimensional perception and in this way
disconnected with the visual representations of data in the form of graphs and timetables
etc. This aspect is discussed further in the Discordant Items, Section 5.4.7 below.
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Table 5.7.4 Communicate about any Mathematics Domain
Item

N
B

M
D

Text

11e

O

H

14b

O

R

14c

O

Q

16a

O

Q

16f
17f

O
O

D
H

18a

O

Q

I use measurements to describe the solution to a
work problem
I discuss work drawings, schedules or
spreadsheets with colleagues to make sense of
them
I describe the solution to a problem using numbers
and quantities
I discuss quantities associated with my job with
work colleagues
I describe a work situation using the data involved
I use the quantities of a problem to help draw a
sketch, diagram or the like when discussing a
problem
I describe some things in work using numbers and
mathematical ideas
Means (%)

<=
Yr
%
28.7

>=
Mt
%
70.1

>=
Wk
%
49.2

28.2

71.5

48.9

27.9

72.1

50.0

21.0

78.5

57.8

22.8
45.4

76.4
53.8

56.7
35.0

26.2

73.5

51.7

28.6

70.8

49.9

Here is another example of the lack of recognition of the role of Space and Shape in
the workplace, item 17f, and is dealt with in the Discordant Items, Section 5.6.

Table 5.7.5 Workplace Numerate Behaviours
Item

N
B

M
D

Text

12a

W

T

12d

W

D

13a
13f

W
W

Q
R

15d

W

D

17e

W

H

I apply ready-made solutions to familiar
problems that arise in work
From among the possible solutions, I select the
one most likely to solve the immediate problem
I make estimates in my head about work
I try and solve a problem that arises in work by
ruling in only possible explanations
I merge work data from different sources to
create an overall report
I measure things
Means (%)

>=
Wk
%

<=
Yr
%
13.5

>=
Mt
%
85.7

67.9

13.3

84.2

67.7

10.7
22.3

88.5
73.9

80.4
55.1

26.2

73.3

45.3

30.8
19.5

68.4
79.0

52.3
61.4

In spite of a reasonably high mean of recognition of Workplace Numerate
Behaviours, item 17e, having to do with Space and Shape, has a distorting impact, and
is considered in the Discordant Items, Section 5.6.

205

Table 5.7.6 Problem Solving behaviours in the Workplace
Item

NB

12e

B

M
D
R

13d

B

R

18b

B

T

< = Yr > = Mt
%
%
9.0
89.7

Text

When trying to solve a problem, I take into
account that a change in one part of the problem
can have an affect on another
I use my knowledge of how different parts of the 14.0
system affect each other to find a solution to a
problem
I apply ready-made solutions to familiar
18.3
problems that arise in work
Means (%) 13.8

>=
Wk%

74.4

83.7

64.4

81.2

62.1

84.9

67.0

There is a reasonable degree of consistency between these items.
The following figures are offered to encapsulate the empirical statistics reported in
Tables 5.4 to Table 5.7.6, illustrating gender representation.

National Survey of People at Work in Ireland - Reported Regularity and Frequency
using Data handling & Chance
50%

Respondents

40%
30%
20%
10%
0%
Never / Yr

Regularly
Female

QUtQ
DUtQ

Male

Figure 5.20. Regularity and Frequency of Data handling and Chance
The vast majority of survey respondents recognize their use of Data handling and
Chance, regularly, in the course of their work, whereas fewer than 20% of respondents
do not. There is a small percentage of people who did not understand the survey item.
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Use of Data handling & Chance in
Managing Situations

Use of data Handling & Chance in
Problem Solving

50%
50%
40%

Respondents

Respondents

40%
30%
20%

30%
20%
10%

10%
0%

0%
Never / Yr Regularly

QUtQ
DUt

Never / Yr Regularly

QUtQ
DUtQ

Female Problem Solving

Females managing Situations

Male problem Solving

Males Managing Situations

Figure 5.21 Data handling and Chance Figure 5.22 Data handling and Chance
(Problem Solving)
(Managing Situations)

The vast majority of respondents recognize their regular use of Data handling and
Chance for Problem Solving and Managing mathematics containing situations. This is
not very different for the regular use of Pattern and Relationship Domain, Figure 5.23.

National Survey of People at Work in Ireland - Reported Regularity and
Frequency of Use of Pattern & Relationship
50%

Respondents

40%
30%
20%
10%
0%
Never / Yr

Regularly

Females % of Total

QUtQ
DUtQ

Males % of Total

Figure 5.23 Regularity and Frequency of Pattern and Relationship

207

The vast majority of survey respondents acknowledge their regular use of Pattern
and Relationship in work, while almost 20% do not. It seems that this Mathematics
Domain is more frequently employed in Problem Solving, Figure 5.24, and somewhat
less so in the Management of mathematics containing situations, Figure 5.25.
Using Pattern & Relationship to solve
problems

using Pattern & Relationship to Manage

50%

50%

40%

40%

30%

30%

20%

20%

10%

10%

0%

0%
Never / Yr

Regularly

Females % of Total

QUtQ
DUt

Never / Yr

Males % of Total

Figure 5.24 Pattern and Relationship
for Problem Solving

Regularly

Females % of Total

QUtQ
DUtQ

Mles % of Total

Figure 5.25 Pattern and Relationship
for Managing Situations

The role of Space and Shape in the workplace is less clear, since regularity of use is
muted in comparison with other Mathematics Domains, Figure 5.26.
National Survey of people at Work in Ireland - Reported Regularity and Frequency of
use of Space and Shape

Respondents

50%
40%
30%
20%
10%
0%
Never / Yr

Regularly
Females % of Total

QUtQ
DUtQ

Males % of Total

Figure 5.26 Regularity and Frequency of Space and Shape
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This is carried forward to the activities of problem Solving and Managing situations,
Figures 5.27 and 5.28
Using Space & Shape to Manage
mathematics containing situations

50%

50%

40%

40%

Respondents

Respondents

Using Space & Shape to solve

30%
20%

10%

30%
20%
10%

0%

0%

Never / Yr Regularly
Females % of Total

DUtQ
QUtQ

Never / Yr Regularly

Males % of Total

Females % of Total

Figure 5.27 Space and Shape for
Problem Solving

QUtQ
DUt

Males % of Total

Figure 5.28 Space and Shape for
Managing Situations

The use of Quantity and Number in the workplace seem to echo the norm
established by all previous Mathematics Domains, Space and Shape being the exception
Figure 5.29.
National Survey of people at Work in Ireland - Regularity and Frequency of use Quantity and Number

Respondents

40%

20%

DUtQ
0%
Never / Yr

Regularly
Females % of Total
Males % of Total

QUtQ

Figure 5.29 Regularity and Frequency of Quantity and Number
This theme is carried through to Problem Solving and Managing mathematics
containing situations, Figures 5.30 and 5.31.
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Using Quantity & Number to Manage
mathematics containing situations

50%

50%

40%

40%

Respondents

Respondents

Using Quantity & Number to solve
problems

30%
20%

30%
20%

10%

10%

0%

0%
Never / Yr Regularly

Females % of Total

QUtQ
DUt

Never / Yr Regularly

Males % of Total

Females % of Total

Figure 5.30 Quantity and Number for
Problem Solving

DUtQ
QUtQ

Males % of Total

Figure 5.31 Quantity and Number for
Managing Situations

The perspective now shifts to the reported frequency of a specific Numerate Behaviour
in encounter with any Mathematics Domain, Figure 5.32.
National Survey of People in Work in Ireland - Reported frequency of the Numerate
Behaviour ' to Identify' , in encounter with any Mathematics Domain

Respondents

30%

20%

10%

0%
Never

Yrly

Mnthly

Females % of Total

Wkly

Daily

DUtQ

males % of Total

Figure 5.32 Frequency of Identifying any Mathematics Domain
Although approximately 20% of respondents report that they never or hardly ever
‘Identify’ in encounter with any Mathematics Domain, the vast majority do, with
varying degrees of regularity.

This is more easily discernible from the cyclical

perspective, Figure 5.33.

210

Recognition of the Numerate Behaviour 'to Identify' in encounter with any
Mathematics Domain.

Respondents

40%
30%

20%
10%
0%
Never / Yr

Regularly

Females % of Total

QUtQ

Males % of Total

Figure 5.33 Cyclical Regularity of Identifying any Mathematics Domain
The Numerate Behaviour of ‘Evaluating’ in encounter with any Mathematics
Domain is reported with similar extent of frequency and regularity, Figure 5.34.

Recognition of the Frequency of the Numerate Behaviour 'to Evaluate' any
Mathematics Domain

Respondents

30%

20%

10%

0%
Never

Yrly

Mnthly

Females % of Total

Wkly

Daily

DUtQ

Males % of Total

Figure 5.34 Frequency of Evaluating any Mathematics Domain

Taking into account that many tasks in work are ordered by schedule, repetitive
tasks may be performed in daily, weekly or monthly cycles, without diminishing their
importance. Such a cycle is reflected in Figure 5.35.
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Recognition of the cyclical regularity of the Numerate Behaviour to 'Identify', in relation
40%

Respondents

30%
20%
10%
0%
Never / Yr

Regularly
Females % of Total

QUtQ

Males % of Total

Figure 5.35 Cyclical Regularity Identifying any Mathematics Domain
While there may be subtle differences between the Numerate Behaviour to ‘Act Upon’
and to ‘Identify’, the sample’s responses recognized it as something that frequently and
regularly occurs in the ordinary course of work, Figure 5.36. There is some suggestion
that it is recognized more frequently by Males, especially given the gender
representation in the respondents.
Recognition of the frequency of the Numerate Behaviour to 'Act Upon' in encounter
with any Mathematics Domain.

Respondents

30%

20%

10%

0%
Never

Yrly
Mnthly
Females % of Total

Wkly
Daily
Males % of Total

DUtQ

Figure 5.36 Frequency of Acting Upon any Mathematics Domain
The gender difference is suppressed when the frequencies are conflated in Figure
5.37.
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Recognition of the frequency of the Numerate Behaviour to 'Act Upon' , in encounter
with any Mathematics Domain.
40%

Respondents

30%
20%

10%
0%
Never / Yr

Regularly
Females % of Total
Males % of Total

QUtQ
DUtQ

Figure 5.37 Cyclical Regularity of Acting Upon any Mathematics Domain

Communicating about mathematics containing situations is widely acknowledged as
frequently occurring, especially in weekly and daily schedules, Figure 5.38.

Recognition of the frequency of the Numerate Baheviour to 'Communicate about' any
Mathematics Domain.

Respondents

30%

20%

10%

0%
Never

Yrly

Mnthly

Females % of Total

Wkly

Daily

DUtQ

Males % of Total

Figure 5.38 Frequency of Communicating about any Mathematics Domain
A consolidation of the daily, weekly and monthly schedules implies that
Communicating about mathematics containing situations in work regularly and
frequently occurs, Figure 5.39.
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Respondents

Communicate about any Mathematics Domain - Regularity /
Frequency
40%
30%
20%

10%
0%

Never / Yr
Regularly
Females % of Total
Males % of Total

QUtQ
DUtQ

Figure 5.39 Cyclical Regularity of Communicating about any Mathematics
Domain

Aside from activities in the spectrum of Numerate Behaviours in encounter with
Mathematics Domains, respondents reported behaviours that were workplace-specific,
e.g. merging and synthesizing mathematics containing information from different
sources, Figure 5.40.

Recognition of the frequency of workplace behaviours that are underpinned by a
range of mathematics techniques

Respondents

30%

20%

10%

0%
Never

Yrly

Mnthly

Females % of Total

Wkly

Daily

DUtQ

Males % of Total

Figure 5.40 Frequency of Workplace Behaviours
The reported frequencies were combined to provide a more succinct profile of
regularity, Figure 5.41.
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Recognition of the Cyclical frequency of workplace behaviours.

Respondents

50%
40%
30%
20%
10%
0%
Never / Yr

Regularly
Females % of Total

QUtQ
DUtQ

Males % of Total

Figure 5.41 Cyclical Regularity of Workplace Behaviours
Problem Solving behaviours were similarly identified, reported and presented in
Figure 5.42.

Recognition of the frequency of problem Solving behaviours that are underpinned by a
range of mathematics techniques.

Respondents

30%

20%

10%

0%
Never

Yrly

Mnthly

Females % of Total

Wkly

Daily

DUtQ

Males % of Total

Figure 5.42 Frequency of Problem Solving Behaviours
Problem Solving behaviours in the workplace recombined to reflect cyclical regularity
and frequency, Figure 5.43.
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Recognition of the extent of Problem Solving behaviours that are cyclical, regular and
frequent.
50%

Respondents

40%
30%
20%
10%
0%
Never / Yr
Regularly
Females % of Total
Males % of Total

QUtQ
DUtQ

Figure 5.43 Cyclical Regularity of Problem Solving Behaviours

5.6 Discordant Items
The key findings, summarized at the beginning of this chapter are borne out by the
detailed analysis that followed. There is strong evidence for stating that workers, across
a spectrum of jobs categorized by skills level and mathematics education, do not cite
mathematics or mathematical activity as a key job-skill. That they are three times less
likely to mention literacy, tends to suggest that it is a ‘taken-for-granted’ set of skills
that are summoned into action when the need arises. This view is supported by the
finding of high levels of recognition of the utility and reliance on mathematics concepts
and reactive Numerate Behaviours when asked about them specifically. However, there
seems to be a substantial vein of opinion running counter to the headline trends. The
following sections take each instance of discordant items by reference to the relevant
behaviour / domain combination, and offers an explanation or guide to action. The
originating Table identifying number and label is repeated to facilitate crossreferencing.

5.6.1 Any Numerate Behaviour: Data handling and Chance
Regarding Any Numerate Behaviour in response to Data handling and Chance (Table
5.6.1).
The text of Item 11d, “I interpret information from a variety of sources to form an
opinion about a work situation”, may be too general in its meaning, since it does not
mention mathematics specifically, and warrants further investigation, Chapter 6.
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5.6.2 Any Numerate Behaviour: Pattern and Relationship
Table 5.6.2 Any Numerate Behaviour: Pattern and Relationship
Ite
m

N
B

M
D

Text

Mng
or
PS
Mng

<=
Yr
%
35.0

I convert work information from one
measuring system to another
14b O R I discuss work drawings, schedules or
Mng 28.2
spreadsheets with colleagues to make sense
of them
15f A R I make estimates about the information
Mng 31.9
contained in charts, graphs, diagrams,
timetables and the like
Key: NB = Numerate Behaviour, MD = Mathematics Domain
A = Act Upon, O = Communicate about, R = Pattern & Relationship
13e

A

R

>=
Wk
%

>=
Mt
%
60.9

44.4

71.5

48.9

67.3

45.0

The infrequency of the occurrence of Pattern and Relationship reported by these
items seem to indicate a disconnection between the author’s intent regarding Pattern and
Relationship and that interpreted by a number of respondents. While these levels are
unexpected and higher than others in their group, they may benefit from further
verification as is described in Chapter 6.

5.6.3 Any Numerate Behaviour: Space and Shape
Table 5.6.3 Any Numerate Behaviour: Space and Shape
Ite
m

N
B

M
D

11c

E

H

Text

I use reasoning skills on the measurements
involved in a problem to figure out a solution
18d E H I use my knowledge of shapes when trying to
find a solution to a work problem
Key: E = Evaluate, H = Space & Shape

>=
Wk
%

Mng
or
PS
PS

<=
Yr
%
15.8

>=
Mt
%
80.3

63.1

PS

51.6

41.9

30.5

The performance of Space and Shape items in determining the levels of recognition,
utility and problem solving is problematic in general is illustrated by these two
contrasting items. Further manipulation of the groupings and relative frequencies may
not have the potential to yield more information, but may be informed by the
application of another process as detailed in Chapter 6.
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5.6.4 Any Numerate Behaviour: Quantity and Number
Table 5.6.4 Any Numerate Behaviour: Quantity and Number
Ite
m

N
B

M
D

11f

E

Q

Text

I figure out the affect that quantities have
on my work
14c O Q I describe the solution to a problem using
numbers and quantities
18a O Q I describe some things in work using
numbers and mathematical ideas
18f E Q I check on the quantities aspect of a work
situation after a solution has been
implemented to gauge how well it has
worked
Key: E = Evaluate, Q = Quantity & Number

>=
Wk
%

Mng
or
PS
Mng

<=
Yr
%
26.6

>=
Mt
%
68.0

47.8

PS

27.9

72.1

50.0

Mng

26.2

73.5

51.7

PS

30.9

65.3

42.2

This collection of items seems to be at odds with other elements of their group. Even
though reasonably high levels of recognition and utility are reported, the infrequency
levels are too substantial to be ignored and will be considered in Chapter 6.

5.6.5 Identify: Any Mathematics Domain
Table 5.7.1 Identify: Any Mathematics Domain
Ite
m

N
B

M
D

15b

Y

H

Text

Mng
or
PS

I get work information in the form of
measurements and proportions
Key: Y = Identify, H = Space & Shape

<=
Yr
%
36.6

>=
Mt
%
62.6

>=
Wk
%

42.2

This item, while consistent with other frequency reports involving Space and Shape,
is selected for special attention in Chapter 6.

5.6.6 Evaluate: Any Mathematics Domain
Table 5.7.2 Evaluate: Any Mathematics Domain
Ite
m

N
B

M
D

Text

Mng
or
PS

12f

E

R

18d

E

H

I use my knowledge of the system to trace
a fault back to the cause
I use my knowledge of shapes when
trying to find a solution to a work problem
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<=
Yr
%
13.1

>=
Mt
%
86.9

55.2

44.8

>=
Wk
%

65.8
32.7

When considering the evaluation of information in any Mathematics Domain, the
greatest disparity is demonstrated between these 2 items. Even though the Numerate
Behaviour is the same, one referring to P&R the other to S&S, their frequency reports
are substantially at odds. There is a possibility that some respondents perceive these
domains to be quite separate and treat them accordingly. The second is consistent with
other findings for shape, and perhaps people do perceive the link between Pattern,
Relationship, Space and Shape. These items will be tested for their efficacy in
measuring the construct in Chapter 6.

5.6.7 Act Upon: Any Mathematics Domain
Table 5.7.3 Act Upon: Any Mathematics Domain
Item

N
B

M
D

16d

A

H

Text

I use the shapes involved in a problem when trying
to find a solution
17a
A H I use diagrams, sketches, models and the like when
I communicate about work
Key: A = Act upon, H = Space & Shape

>=
Wk
%

<=
Yr
%
47.9

>=
Mt
%
44.7

31.3

39.0

61.0

43.0

<=
Yr
%
45.4

>=
Mt
%
53.8

>=
Wk
%

This item is considered together with item 17f in Section 5.6.8.

5.6.8 Communicate about: Any Mathematics Domain
Table 5.7.4 Communicate about: Any Mathematics Domain
Item

N
B

M
D

17f

O

H

Text

I use the quantities of a problem to help draw a
sketch, diagram or the like when discussing a
problem
Key: O = Communicate about, H = Space & Shape

35.0

Items 16d, 17a and 17f provide more evidence of the problems associated with
capturing and reporting workers’ attitudes in relation to Space and Shape, and may
benefit from the application of a different but complementary approach to survey data
analysis, Chapter 6.

219

5.6.9 Workplace Numerate Behaviours
Table 5.7.5 Workplace (W) Numerate Behaviours
Item

NB

MD

Text

17e

W

H

I measure things

<=
Yr
%
30.8

>=
Mt
%
68.4

>=
Wk
%

52.3

Perhaps the cohort in the sample do not see themselves as consciously measuring
things. Yet everyday, people measure multiple dimensions, in shape, time, load,
matching, and so on – their use of the term measure may connote a tape or scale of
some kind, but they make estimates all the time. Perhaps this is a discourse problem
that could be improved in a future iteration of the survey. In the meantime, this item
will be tested in Chapter 6.
Having exhausted the potential of the traditional methods of reporting
proportionality and item response frequency, there remain a number of problematic
survey items, detailed above. The information that they bear, tends to challenge the
outcomes of survey items of similar intent. That their raw scores differ, while distorting
the category mean frequency, may hide or confuse other important factors. The
application of the Rasch Measurement Theory – Rating Scale Model, offers the
opportunity to examine the survey items for their FIT and operability. In this way, the
findings of the survey may accomplish sufficient validation through triangulation,
provide an explanation for the contra-indicators and enable the development of a tool to
measure Mathematics Invisibility in the context of the workplace.
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_______________________________
Chapter 6: Applying Rasch Measurement Theory

_______________________________
6.0 Rasch Analysis - Overview
Rasch Measurement Theory (RMT) is an item response theory especially developed
for the social sciences. It is based on the idea that the outcome of the encounter
between a test item and a person, is a function of the person’s ability and the item
difficulty – nothing more. Its key requirement is that of uni-dimensionality, i.e. that a
survey item should be interpreted as enquiring about one thing only. The quantity of
variables, each the subject of a single item, may only be limited by their relevance to the
latent trait, whereas the quantity of items should be the minimum necessary for the
purposes of the research. Rasch models seek to establish a measure of something
specific, and include tools to identify significant underlying traits or subscales,
indicating items that may have been understood in different ways by the sample. In this
light, uni-dimensionality is a guide to the precision of the items comprising a
measurement instrument, rather than a means of gathering data, for future modelling.
The existence of subscales may distort the response patterns and compromise the
outcome and, once identified, may properly be excised.
RMT is not an end in itself, it is a set of tools designed to precede analysis of data
(Bond & Fox, 2007) p.263. It does this by reporting on the extent to which survey items
‘FIT’ with the expected score, as derived from an analysis of all responses to all items.
FIT, in this case, testifies to the usefulness of the item in informing the test. An item
that fits too precisely is less likely to contain information and should be discarded. This
is commonly misconstrued as an exhortation to eliminate data that is considered to be
inconvenient. On the contrary, Rasch approaches data ‘FIT’ in three ways. Over-fitting
data is thought to be too predictable, offering little in the way of new information.
Under-fitting data may be too unpredictable, exerting an undue, distorting influence.
However, the reported ‘Under-FIT’ statistic draws attention to the structure of the
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survey item, rather than the nature of the responses. Items that are ambiguously or
negatively worded are open to interpretation and tend to undermine consistency. Data
collected by flawed means may be tainted beyond repair, threaten validity, and, being of
no assistance in the analysis of survey data by any method, may be properly excised
from the data set. Finally, ‘FITting’ data, holds out the promise that the items
comprising the survey, are sharply constructed, consistently interpreted and unidimensional (Bond & Fox, 2007).
FIT is an equally important concept to the traditionalists, but invokes different
responses. FIT is interpreted as an inadequacy of the model to account for outliers, and
so triggers the search for a better fitting model, which may be accomplished by
manipulating parameters. While this often results in better FIT statistics, it may present
other problems, and conceal faults in the data collection items.
The analysis of the survey data thus far has depended on an aggregation of the
responses in each category to enable some measure of comparison. This approach is
useful in establishing trends, but in the author’s view, may risk the suppression of
minority opinion. While great care was taken to refine the survey items for clarity, it is
readily recognized that survey participants’ interpretation could not be controlled in any
absolute sense, leaving some latitude for multiple meanings to co-exist in the same item.
Quantitative data is seldom exposed in this way, and is equipped with an extensive
range of parametric tests to measure reliability. Ordinal data does not lend itself to
extrapolations of the mean and may be compromised by the presence of sub-strands of
meaning not intended by the item design. The challenge was to locate a method to
transform the ordinal data into interval data in order to enable parametric tests that
would allow non-performing or misleading survey items to be identified and assessed.
From amongst a narrow range of possibilities, the approach adopted for the treatment of
this present survey data was the Rasch-Andrich Rating Scale Model (Bond & Fox,
2007), for the following reasons:


The transformation of ordinal scales into interval, probabilistic scales



The identification of non-performing, aberrant or poorly constructed items



Researcher triangulation



Opportunity for Differential Item Functioning (DIF) comparing self-reported
and observed Numerate Behaviour



Augmentation the proportionality reports permitted by ordinal, raw data.
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When ordinal raw data are transformed

to a measure of probable outcome,

expressed in log odds units, they can be amenable to parametric testing such as is not
otherwise available to ordinal data. To this extent, the Rasch methodology has the
potential to identify not only that there is more evidence of a latent trait, but to indicate
how much more. This property offers a powerful resource for the treatment of survey
data gathered by means of Likert style statements, designed to enquire about latent
traits, attitudes and beliefs, in this case, concerning the role of mathematics in the
workplace. The Rasch methodology is fully explained in Chapter 3, Section 3.12.

6.1 Applying Rasch Measurement Theory – Rating Scale Model
The intent of the survey is to establish a measure of Numerate Behaviour in
encounter with Mathematics Domains as a base line from which to gauge Mathematics
Invisibility. A key requirement of such a measure is that it should be independent of the
individuals being measured. This is not to prescribe the ‘correct’ response, but rather
that the response is a function of the individual’s sense of their own Numerate
Behaviour as evidenced by the ease with which s/he assents to the concept posited in the
survey item. The traditional approach to reporting the proportions of responses, and
summarizing them for intelligibility, can smooth contra-indicators and undermine the
reliability of the model in subtle ways. The elimination of problematic response data
sets may dissolve the inconvenience caused, but would not contribute to the
development of a reliable measurement device. By analogy, a metre stick, comprising
concatenated centimeters and millimeters, should function reliably within the range of
its purpose, regardless of what it is measuring. Where a latent trait is the object of
measurement, only those components that measure observations consistently and
reliably ought to be included. This is the foundation of RMT i.e. that the data FIT the
model. This is not an exhortation to discard troublesome data, but the application of a
series of guidelines (Linacre, 2004) summarized below, with which to identify, explain,
and, possibly remove them.

6.2 Investigating Survey Functioning - Awareness Items
The Rasch-Andrich Rating Scale Model (RSM) is an iterative process in which nonperforming items are examined for their capacity to observe reliably an aspect of a
latent trait, grounded in the construct which underpins it. Since each data item has an
effect on the determination of statistical values, the recommended approach is to
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refresh the reports after eliminating the least helpful item based on the guidelines that
follow.


FIT statistics occur between 0.8 and 1.4. Greater than that indicates more noise
than information, less indicates too much predictability.



Item Polarity i.e. the extent of the cooperation between the observed variables
and the latent trait. Item polarities are based directly on the Mean Square and its
variance and are probabilistic, rather than indirectly on correlations as in
Classical IRT. Point Poly-serial correlation should be positive and reasonably
close to the expected Point Poly-serial correlation measure. Classical IRP
recommends 0.3 or 0.4 or better. In the Rasch model, the size of the measure is
less important than the FIT statistic.



There should be at least 10 responses for each category, otherwise the logistic
step calibration of the item is compromised and the inferential stability of the
item threatened.



Consider irregular frequencies, but take pivotal points into account, i.e. where
there is a clear dichotomy.



Measures should advance montonically i.e. in a sequence that displays more of
the latent trait. Disorder is marked with ‘*’ in the relevant computer output
reports. The expected measure is what the model predicts, the average measure
should increase from low to high. Each response category should be modal in
its turn.



The expected item ogive (a cumulative line graph), derived from the model item
curves, depicts the relationship between the measures and average expected
ratings.

The execution of the Statistics Computer Software e.g. Winsteps 3.70, supporting this
present Rasch Analysis process, is controlled by assigning values to a series of variable
parameters contained in a ‘control file’. The Control file in this case is provided in
Appendix R.00. The successive iterations of the analysis is documented in Appendix
R.01 which traces the sequential application of the Rasch Analysis. Each cycle produces
a number of files which are labeled and provided in the relevant appendix.
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6.2.1 Survey Item Review - Round 1
The Rasch Analysis process began with a focus on the Awareness items. Initial reports,
Appendix R.02, highlighted 5 items whose performance indicators lay outside the FIT
statistics band recommended for rating scales, 0.8 to 1.4. These items are highlighted in
Table 6.01, by reference to their OUTFIT Mean-Square. Attention is drawn to item no.
15, AVT_Q10C which states: “I adapt the 'off the job' training I get for the job I
actually do”.
Table 6.01 Awareness Item Fit Graph in Correlation Order
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
3|
* |
: .
*
|
: .
:
* | AVS_Q8C B |
|
16|
*|
: . * :
|
: .
: *
| APQ_Q10D B |
|
14|
*
|
: *
:
|
: . * :
| AVU_Q10B B |
|
15|
*
|
: .
:
*|
: .
:
*| AVT_Q10C B |
|
17|
*
|
: . * :
|
: .
*
| APR_Q10E B |
|
13|*
|
: . *:
|
: . *:
| AWR_Q10A B |
|
19| *
|
: . *:
|
: .
*
| AVM_Q10G B |
|
10|
*
|
: . * :
|
: .
*
| AVA_Q9D B |
|
12|
*
|
: .* :
|
: . *:
| AVA_Q9F B |
|
6|
* |
: .
: *
|
: .
:
* | AER_Q8F B |
|
1|
*
|
: .
:
* |
: .
:
* | AEQ_Q8A B |
----------------------------------------------------------------------------

(Extracted from Full Report, Appendix R.02, Round 1)
The first observation is that both the OUTFIT and INFIT statistics, based on the Mean
Square, lie well outside the tolerance for RSMs at 2.41 and 2.12, respectively. This
factor, while indicating levels of excessive noise, is further informed by the Point Polyserial correlation measure reported as 0.17 in comparison with the expected 0.49, Table
6.02
Table 6.02 Awareness Items – Point-Poly-serial Correlation: Actual and
Expected
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
15
1577
414
.10
.06|2.12
9.9|2.41
9.9|A .17
.49| 45.2 51.3| AVT_Q10C B |
|
6
1416
429
.76
.05|1.79
9.7|1.91
9.9|B .38
.55| 31.0 40.9| AER_Q8F B |
|
3
1435
429
.71
.05|1.50
6.4|1.88
9.9|C-.08
.55| 29.1 41.6| AVS_Q8C B |
|
1
1698
428
-.17
.06|1.82
8.1|1.82
8.3|D .38
.47| 48.6 53.8| AEQ_Q8A B |
|
16
1203
414
1.18
.05|1.25
3.8|1.66
8.3|E-.01
.58| 30.9 35.5| APQ_Q10D B |
|
17
1692
414
-.39
.07|1.28
3.1|1.45
4.9|F .21
.45| 58.5 54.7| APR_Q10E B |
-------------------------------------------------------------------------------------------------

(Extracted from Full Report, Appendix R.02, Round 1)
The reported correlations are positive, which is good enough for Rasch Analysis, but
the disparity between the actual and expected measures is troublesome to inferential
stability. Of further concern is the Item Polarity which is a measure of the extent to
which this item cooperates with other measures of the latent trait, Table 6.03.
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Table 6.03 Item Polarity Report.
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
15 A 1
1 |
18
4 |
.52
.16 2.2 -.09 |AVT_Q10C |
|
6
1 |
29
7 |
.77
.16 2.9 -.04 |
|
|
2
2 |
5
1 |
.30* .31 1.2 -.08 |
|
|
3
3 |
30
7 |
.71* .13 1.6 -.06 |
|
|
4
4 |
230 56 |
.84
.05 1.4 -.05 |
|
|
5
5 |
102 25 |
1.11
.08 1.2
.18 |
|
|
MISSING *** |
35
8#|
.97
.34
.02 |
|
------------------------------------------------------------------------

(Extracted from Full Report, Appendix R.02, Round 1)
This item is not behaving monotonically insofar as the estimate average ability does
not increase with each successive scoring category, see response categories 2 and 3,
although this is introduced by the ‘Don’t Understand the Question’ response category,
comprising 7% of all responses. Furthermore, item 2 has recorded only 5 responses,
well short of the minimum 10. This is underlined by the depiction of characteristic
curve for each response category, Figure 6.01.

Category 2 is not modal

Figure 6.01 Item 15, Q10c, Response Category Characteristic Curves.
Category 2, Strongly Disagree, is never modal, i.e. it is never the most likely
response, whereas, each of the other responses are in turn the most likely. In the light
of these considerations, the Author decided to eliminate item 15 at this stage, Appendix
R.01.
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6.2.2 Survey Item Review - Round 2
The removal of the distorting influence of item 15 Q10c, narrowed the spread of
OUTFIT Mean Square calculations, of Q8a, Q8c and Q10d to the upper limit, Table
6.04. Of the remaining Awareness items, the reported OUTFIT for Q8f is a cause of
concern.
Table 6.04 Awareness Item FIT graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
16|
*|
: .* :
|
: .
*
| APQ_Q10D B |
|
3|
* |
: . * :
|
: .
*
| AVS_Q8C B |
|
14|
*
|
* .
:
|
:*.
:
| AVU_Q10B B |
|
12|
*
|
: *
:
|
: .* :
| AVA_Q9F B |
|
17|
*
|
: *
:
|
:*.
:
| APR_Q10E B |
|
19| *
|
: .* :
|
: *
:
| AVM_Q10G B |
|
13|*
|
: .* :
|
:*.
:
| AWR_Q10A B |
|
10|
*
|
: *
:
|
: *
:
| AVA_Q9D B |
|
6|
* |
: .
:*
|
: .
: *
| AER_Q8F B |
|
1|
*
|
: .
: *
|
: .
*
| AEQ_Q8A B |
----------------------------------------------------------------------------

(Extracted from Full Report, Appendix R.02, Round 2)

Item 8Qf invited responses to the following statement: “ Differences in shapes and
patterns between jobs are a useful way of comparing them”. Both OUTFIT and INFIT
statistics, 1.8 and 1.57 respectively, lie outside the tolerance band as shown in Table
6.05, and as such, may be a candidate for elimination.
Table 6.05 FIT and Point-Poly-serial Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
6
1416
429
.85
.05|1.57
7.6|1.70
8.5|A .46
.53| 29.6 40.2| AER_Q8F B |
-------------------------------------------------------------------------------------------------

(Extracted from Full Report, Appendix R.02, Round 2)
However, the Point-Poly-serial Correlation measures are positive, with a relatively
close comparison between that observed and expected. This can indicate that a slightly
larger sample may be sufficient to reduce the magnitude of the OUTFIT, were it not for
the evidence available from Table 6.06.
Table 6.06 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
6 A 1
1 |
44 10 |
.47
.10 1.5 -.22 |AER_Q8F |
|
6
1 |
40
9 |
.74
.09 2.0 -.10 |
|
|
2
2 |
18
4 |
.54* .18 1.5 -.12 |
|
|
3
3 |
83 19 |
.61* .05
.6 -.23 |
|
|
4
4 |
173 40 |
1.01
.05 1.1
.04 |
|
|
5
5 |
71 17 |
1.88
.10 1.0
.52 |
|
|
MISSING *** |
20
4#|
.00 |
|
|--------------------+------------+--------------------------+---------|

(Extracted from Full Report, Appendix R.02, Round 2)
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The Average Ability scores violate the monotonic requirement of the Rasch
Measurement Theory and threaten the validity of the scale. This disorder is caused by
the opinions returned by category 6, i.e. ‘Don’t understand the Question’, comprising
9% of the response set. While this points to a flaw in the structure or language of the
original item, the vast majority managed to express their opinion regarding the utility of
Space and Shape in the workplace. The evidence provided by Figure 6.02, provides
corroboration.

Figure 6.02 Item 6, Q8f, Response Category Characteristic Curves.
Response category 2 (Strongly Disagree, SD), shown in blue is never modal, but
there is a very positive leaning towards Strongly Agree. Even though this item provides
useful information, and could be rescued for inclusion in future research, its disorderly
behaviour, albeit introduced by language ambiguity, argues for its removal at this stage
of the survey data analysis, Appendix R.01, Round 2.

6.2.3 Survey Item Review - Round 3
The third iteration of the item function reports produced three candidates for possible
elimination, each exhibiting similar measures shown in Table 6.07. The items
concerned invited responses to the following statements:
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Q8a. Quantities and measurements are a good basis for comparison between 2
things
Q8c. The work I do is straight forward
Q10d. I pass on to another person any work problems that involve Quantities or
Numbers
Table 6.07 Item Fit Graph in Correlation Order
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
16|
*|
: . * :
|
: .
:*
| APQ_Q10D B |
|
3|
* |
: . *:
|
: .
:*
| AVS_Q8C B |
|
14|
*
|
:*.
:
|
:*.
:
| AVU_Q10B B |
|
17|
*
|
: *
:
|
: *
:
| APR_Q10E B |
|
12|
*
|
: *
:
|
: .* :
| AVA_Q9F B |
|
19| *
|
: .* :
|
: *
:
| AVM_Q10G B |
|
13|*
|
: *
:
|
:*.
:
| AWR_Q10A B |
|
10|
*
|
: *
:
|
: *
:
| AVA_Q9D B |
|
1|
*
|
: .
: *
|
: .
:*
| AEQ_Q8A B |
|
18|
*
|
* .
:
|
* .
:
| APH_Q10F B |
----------------------------------------------------------------------------

The reader’s attention is drawn to the highlighted OUTFIT statistics, lying outside
the margin for tolerance. A closer examination, reveals that Q8a, item number 1, is the
most problematic in terms of OUTFIT and INFIT statistics, both of which may
compromise the inferential stability of the item, and the scale, Table 6.08.
Table 6.08 Item FIT and Point-Poly-serial Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
1
1698
428
-.01
.07|1.71
7.4|1.57
6.3|A .50
.46| 52.3 52.7| AEQ_Q8A B |
|
3
1435
429
.91
.05|1.32
4.4|1.55
6.9|B .09
.54| 33.6 42.4| AVS_Q8C B |
|
16
1203
414
1.42
.05|1.23
3.6|1.54
7.2|C .02
.58| 33.6 37.2| APQ_Q10D B |
|
19
1838
415
-1.07
.08|1.19
2.3|1.09
1.2|D .44
.39| 62.7 58.6| AVM_Q10G B |
|
12
1688
426
.00
.07|1.08
1.1|1.19
2.4|E .43
.47| 51.2 52.6| AVA_Q9F B |
-------------------------------------------------------------------------------------------------

Notable is the consistency between the observed and expected measures of
correlation. Both measures are positive and would appear to contradict the reported FIT.
The Item Polarity report suggests that the item has behaved in an unhelpful way, Table
6.09.
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Table 6.09 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
1 A 1
1 |
21
5 |
.12
.10 1.0 -.28 |AEQ_Q8A |
|
6
1 |
18
4 |
.63
.12 1.6 -.13 |
|
|
2
2 |
7
2 |
.23* .31
.9 -.14 |
|
|
3
3 |
20
5 |
.53* .11
.7 -.16 |
|
|
4
4 |
225 53 |
.99
.04
.8 -.18 |
|
|
5
5 |
137 32 |
1.71
.07 1.0
.49 |
|
|
MISSING *** |
21
5#|
-.17
-.08 |
|
|
|
|
|
|
|
3 B 1
1 |
1
0 |
-1.04
.1 -.13 |AVS_Q8C |
|
2
2 |
73 17 |
1.10
.09 2.6 -.02 |
|
|
3
3 |
174 41 |
1.13
.06 1.9
.01 |
|
|
4
4 |
139 32 |
1.01* .07 1.8 -.09 |
|
|
5
5 |
42 10 |
1.56
.16 1.4
.18 |
|
|
MISSING *** |
20
4#|
.00 |
|
|
|
|
|
|
|
16 C 1
1 |
3
1 |
.14
.22
.5 -.10 |APQ_Q10D |
|
2
2 |
125 30 |
1.31
.07 3.6
.15 |
|
|
3
3 |
214 52 |
.98* .05 1.4 -.18 |
|
|
4
4 |
52 13 |
1.07* .11 2.1 -.02 |
|
-----------------------------------------------------------------------

(Extracted from the full report available in Appendix R.02, Round 3 section)
The extent of ‘Don’t Understand the Question’ i.e. score value 6, comprising 4% of
the total, disturbs the monotonic performance of the item, i.e. the gradual increase in
Average Ability Measures in line with the advancing response categories. Of more
concern is the quantity of responses in category 2 (SD), falling below the minimum 10,
but this could be corrected by a larger sample. This item seeks information on the
recognition of Quantities and Measures in the workplace and achieved a decision in
90% of the data set, suggesting that the item could be modified for inclusion in future
research. The characteristic curves confirm the item polarity, Figure 6.03.

Figure 6.03 Survey Item 1, Q8a, Response Category Characteristic Curves.
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Again, category 2 is never modal. The threshold i.e. the point of intersection
between categories 2 and 3 is located within the scope of category 1. The monotonic
requirement is for a sequential series of modal points

for each category, which

produces thresholds between them, since the thresholds form the probabilistic basis for
Rasch Measurement Theory. On this basis, the author proceeded to remove Item 6, Q8a,
Appendix R.01, Round 3, in preparation for the final review of the remaining
Awareness Items.

6.2.4 Survey Item Review - Round 4.
Three candidates for consideration revealed themselves as lying on the edges of the
FIT limits, as can be observed from Table 6.10. These items stated:
16. Q10d. I pass on to another person any work problems that involve quantities
or numbers.
3. Q8c. The work I do is straight forward.
11. Q9e. Maths play an important part in my work.
Table 6.10 Item Fit Graph in Correlation Order
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
16|
*|
: . * :
|
: .
*
| APQ_Q10D B |
|
3|
* |
: . *:
|
: .
:*
| AVS_Q8C B |
|
14|
*
|
:*.
:
|
:*.
:
| AVU_Q10B B |
|
17|
*
|
: *
:
|
: *
:
| APR_Q10E B |
|
19| *
|
: . * :
|
: .* :
| AVM_Q10G B |
|
12|
*
|
: .* :
|
: . * :
| AVA_Q9F B |
|
13|*
|
: .* :
|
:*.
:
| AWR_Q10A B |
|
10|
*
|
: *
:
|
: *
:
| AVA_Q9D B |
|
2|
*
|
: .* :
|
: *
:
| AYM_Q8B B |
|
18|
*
|
:*.
:
|
* .
:
| APH_Q10F B |
|
4| *
|
: *
:
|
:*.
:
| AAQ_Q8D B |
|
5|
*
|
: . * :
|
: .* :
| AOR_Q8E B |
|
7|
*
|
* .
:
|
* .
:
| AAM_Q9A B |
|
9|
*
|
* .
:
|
* .
:
| APD_Q9C B |
|
8|
*
|
* .
:
|
* .
:
| AER_Q9B B |
|
11|
*
|
*: .
:
|
*: .
:
| AVM_Q9E B |
----------------------------------------------------------------------------

(Extracted from the full report available in Appendix R.02, Round 4 section)
Of particular note in this round is item 11 whose FIT statistics indicate over-FIT,
implying that the response sets are too predictable, although this measure is slight in this
case. Items 16 and 3 seem to be differentiates by the extent of their predictability, Table
6.11.
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Table 6.11 FIT and Point-Poly-serial Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
16
1203
414
1.50
.05|1.23
3.5|1.48
6.6| .05
.57| 35.7 38.9| APQ_Q10D B |
|
3
1435
429
.96
.06|1.34
4.6|1.54
6.9| .11
.54| 34.0 43.7| AVS_Q8C B |
|
14
1688
415
-.22
.07| .93
-.9| .99
-.1| .32
.45| 58.1 54.9| AVU_Q10B B |
|
17
1692
414
-.26
.07|1.07
.9|1.01
.2| .43
.45| 65.0 55.0| APR_Q10E B |
|
19
1838
415
-1.11
.08|1.21
2.6|1.11
1.4| .43
.39| 61.9 58.8| AVM_Q10G B |
|
12
1688
426
-.01
.07|1.13
1.6|1.22
2.7| .43
.47| 53.1 53.5| AVA_Q9F B |
|
13
1862
415
-1.28
.09|1.11
1.4| .99
-.1| .45
.38| 68.2 60.4| AWR_Q10A B |
|
10
1635
426
.22
.06|1.08
1.1|1.09
1.2| .48
.49| 58.2 51.6| AVA_Q9D B |
|
2
1637
429
.25
.06|1.15
1.9|1.09
1.3| .55
.49| 56.9 51.5| AYM_Q8B B |
|
18
1519
415
.51
.06| .90 -1.3| .87 -1.9| .56
.50| 58.3 48.4| APH_Q10F B |
|
4
1793
428
-.49
.07|1.07
.9| .98
-.3| .57
.44| 58.2 56.6| AAQ_Q8D B |
|
5
1736
427
-.22
.07|1.23
2.7|1.14
1.8| .58
.46| 50.8 55.0| AOR_Q8E B |
|
7
1768
426
-.40
.07| .88 -1.6| .80 -2.8| .60
.45| 65.3 55.9| AAM_Q9A B |
|
9
1591
426
.39
.06| .87 -1.7| .83 -2.4| .63
.50| 57.7 49.7| APD_Q9C B |
|
8
1703
426
-.08
.07| .87 -1.7| .83 -2.3| .65
.47| 54.9 53.5| AER_Q9B B |
|
11
1628
426
.25
.06| .79 -3.0| .78 -3.2| .66
.49| 59.4 51.6| AVM_Q9E B |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1651.0 422.3
.00
.07|1.05
.7|1.05
.6|
| 56.0 52.4|
|
| S.D.
157.5
6.0
.67
.01| .16
2.1| .22
2.9|
| 9.1
5.2|
|
-------------------------------------------------------------------------------------------------

(Extracted from the full report available in Appendix R.02, Round 4 section)
The predictability of item 11, is corroborated by the Point Poly-serial measures,
showing similar expected and observed scores. This is quite different for items 16 and
3, suggesting the responses are very unexpected. Their respective item polarity reports
are illustrated in Table 6.12.

Table 6.12 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
16
1
1 |
3
1 |
.20
.19
.5 -.10 |APQ_Q10D |
|
2
2 |
125 30 |
1.36
.07 3.4
.13 |
|
|
3
3 |
214 52 |
1.05* .05 1.4 -.18 |
|
|
4
4 |
52 13 |
1.21* .11 1.9
.00 |
|
|
5
5 |
20
5 |
1.86
.26 1.6
.18 |
|
|
MISSING *** |
35
8#|
1.31
.32
.02 |
|
|
|
|
|
|
|
3
1
1 |
1
0 |
-1.08
.1 -.13 |AVS_Q8C |
|
2
2 |
73 17 |
1.14
.09 2.4 -.04 |
|
|
3
3 |
174 41 |
1.21
.06 1.8
.01 |
|
|
4
4 |
139 32 |
1.11* .07 1.7 -.08 |
|
|
5
5 |
42 10 |
1.67
.16 1.4
.18 |
|
|
MISSING *** |
20
4#|
.00 |
|

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
|
|
|
|
|
|
11
1
1 |
10
2 |
.30
.17 1.1 -.17 |AVM_Q9E |
|
2
2 |
15
4 |
.12* .13
.6 -.25 |
|
|
3
3 |
108 25 |
.64
.04
.6 -.39 |
|
|
4
4 |
201 47 |
1.21
.04
.7
.00 |
|
|
5
5 |
92 22 |
2.15
.08
.8
.59 |
|
|
MISSING *** |
23
5#|
.66
.24
-.05 |
|
------------------------------------------------------------------------

(Extracted from the full report available in Appendix R.02, Round 4 section)
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There are no recorded instances of ‘Don’t Understand the Question’, all other
categories register more than the minimum 10.
Item 16, Q10d, ‘I pass on to another person any work problems that involve
quantities or numbers’ displays the most disorder, and violates the monotonic principle,
seeming to be polarised at the Disagree/Agree pivotal point. Nevertheless, the trend is
strongly negative to the proposition. While reverse coding is a option in cases such as
this, the author declines it on the basis that to disagree with the opinion posited in this
item, is not equivalent to agreeing with its opposite.
Item 3, Q8c, ‘The work I do is straight forward’, is disordered at the Disagree/Agree
threshold, around which the majority of opinion is gathered, the majority disagreeing.
This is in line with the unexpectedness of the responses as reported by the Point-Polyserial statistics.
Item 11, Q9e, ‘Maths play an important part in my work’, is disordered at the ‘Don’t
Know’/‘Strongly Disagree’ threshold. The majority either ‘Agree’ or ‘Strongly Agree’
with the proposition. That this is unexpected is useful to the interpretation of the survey
data.
Each of these difficulties is marginal, and may be overcome by a larger sample.
They are all important to the research, and all clearly understood by each respondent.
The extent of unexpectedness in the responses in items 16 and 3 challenge assumptions
about the perceived utility of mathematics in the workplace, especially since they are
corroborated by the findings in item 11, Figure 6.05. Furthermore, there is very little to
choose between their respective Characteristic curves, the ‘Don’t Know’ category never
being modal in each case Figure 6.04.
Item 3.

Item 11.

Item 16.

Figure 6.04 Items 3, 11 and 16: Response Category Characteristic Curves.
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The images below, chart the expected responses, having taken all other responses
into account, are shown in red. Scattered about this line are the empirical observations.
The adjacent lines show the boundaries of the 95% confidence interval.
Item 3.

Item 11.

Item 16.

Figure 6.05 Items 3, 11 and 16, Comparison of Expected and Observed
responses
The reported predictability of Item 11 is clear, making a strong statement regarding
the importance of mathematics in work. This position tends to be supported by the
discordant views expressed in item 16. The import of Item 3 is that the majority of
workers perceive that their work is not straightforward, prompting the insight that there
is more to performing work than its constituent knowledge and skills, including
mathematics, which is taken up in Chapter 7: Emergent Issues. For these reasons, the
author decided that all three items would be retained for their relevance to different lines
of enquiry regarding the scale of Awareness of Numerate Behaviour in the Workplace.

6.3 Triangulation of Traditional and Rasch Analysis – Awareness Items
Survey items 8b, 8d, 9a, 9e, 10d and 10g were designed to probe the extent of the
awareness or otherwise of the role of mathematics in the workplace, using mathematical
language. The following sections contrast the findings of the survey using traditional
methods with those obtained with the Rasch Analysis Methodology.

6.3.1 Awareness of Mathematics Explicit Numerate Behaviour-Table 5.3.1
Reporting proportionality in the traditional way, Table 5.3.1, indicated very high
levels of awareness which are substantially confirmed in Figure 6.06A. That the
awareness levels increase in line with the person ability is illustrated by the density of
the responses at the upper end of the probability ogive. Item 10 i.e. “I pass on to
another person any work problems that involve quantities or numbers”, illustrates a
strong rejection of the notion that people avoid mathematics in work, Figure 6.06B.
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A

B

Figure 6.06A Awareness of Mathematically Explicit Numerate Behaviour, excluding item
10d.
Figure 6.06B Awareness of Mathematically Explicit Numerate Behaviour, including item
10d, shown as the dissonant line in light blue.

6.3.2 Awareness items regarding Quantity and Number-Table 5.3.2
This is further underlined by isolating Numerate Behaviour in encounter with
Quantity and Number i.e. items 8a, 8d and 10d. The traditional measures, Table 5.3.2,
reported strongly on the recognition of the role of Quantity and Number, at the same
time permitting the inference that workers take responsibility for problems arising in
that mathematics domain. In the Rasch paradigm, the author rejected item 8a, i.e.
“Quantities and measurements are a good basis for comparison between 2 things” as
being inferentially unstable. Nevertheless, the combination of items 8d, i.e. “The ability
to calculate and estimate is important in my job”, together with the rejection of 10d i.e.
“I pass on to another person any work problems that involve quantities or numbers”,
and 10d, Figure 6.07, seems to be coherent.

Figure 6.07. Contrasting views on Quantity and Number, Item 8d in blue, 10d in red

The alignment of item 8d responses with the expected set of responses, tends to
confirm that people think it is very important to be able to calculate and estimate in
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work, and do not avoid such activity in the workplace, 10d. This finding lies in contrast
with the almost complete exclusion of mathematics from the reported workplace key
skills, as illustrated in Figure 5.16, and underlines the mathematics use/denial paradox.

6.3.3 Awareness Space and Shape and Pattern and Relationships-Table 5.3.3
Establishing the awareness and utility of Space and Shape and Pattern and Relationship,
presented challenges of inconsistency and differentiation, Table 5.3.3, reporting on
items 8e, 9b, 10f and 8f, are concerned with usefulness, information-bearing, and
problem solving capacity. Item 8f, “Differences in shapes and patterns between jobs
are a useful way of comparing them “, was eliminated during the Rasch analysis,
effectively improving the consensus between the remaining items Figure 6.08.

Figure 6.08 Convergence of responses regarding the utility of Pattern and Relationship in
the workplace.

6.3.4 Awareness of Data handling and Chance-Table 5.3.4
There appeared to be discord between the items profiled in Table 5.3.4, regarding Data
handling and Chance. A closer examination of the items’ statistical properties may help
to resolve the tension between 9c and 10f on the one hand, and 10g and 10e on the
other.
Table 6.13 FIT statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
9
1591
426
.39
.06| .87 -1.7| .83 -2.4|c .63
.50| 57.7 49.7| APD_Q9C B |
|
18
1519
415
.51
.06| .90 -1.3| .87 -1.9|e .56
.50| 58.3 48.4| APH_Q10F B |
|
13
1862
415
-1.28
.09|1.11
1.4| .99
-.1|G .45
.38| 68.2 60.4| AWR_Q10A B |
|
17
1692
414
-.26
.07|1.07
.9|1.01
.2|h .43
.45| 65.0 55.0| APR_Q10E B |
-------------------------------------------------------------------------------------------------

(Extracted from full report Appendix R.03)
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All of the items lie within the specified FIT parameters. All Point-Poly-serial
observations are consistent with their expectations. Each of the items displays response
category disorder, Table 6.14. In only 1 case, item 9, the disorder is attributable to a
‘Don’t understand the question’ response, category 6. Each item has at least one
category that is under-reported.

Table 6.14 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
9 c 1
1 |
15
4 |
.13
.08
.8 -.25 |APD_Q9C |
|
6
1 |
3
1 |
1.00
.49 2.1 -.02 |
|
|
2
2 |
21
5 |
.31* .11
.7 -.24 |
|
|
3
3 |
92 22 |
.69* .05
.6 -.33 |
|
|
4
4 |
220 52 |
1.24
.04
.7
.03 |
|
|
5
5 |
75 18 |
2.24
.09
.8
.57 |
|
|
MISSING *** |
23
5#|
.66
.24
-.05 |
|
|
18 e 1
1 |
19
5 |
.36
.11 1.1 -.22 |APH_Q10F |
|
6
1 |
1
0 |
1.02
2.0 -.01 |
|
|
2
2 |
17
4 |
.41* .17
.9 -.20 |
|
|
3
3 |
101 24 |
.75* .05
.6 -.32 |
|
|
4
4 |
223 54 |
1.29
.05
.9
.12 |
|
|
5
5 |
54 13 |
2.21
.12
.8
.48 |
|
|
MISSING *** |
34
8#|
1.29
.35
.02 |
|
|
13 G 6
1 |
2
0 |
.15
.45 1.2 -.09 |AWR_Q10A |
|
1
1 |
3
1 |
.19
.31 1.2 -.11 |
|
|
2
2 |
1
0 |
-.30*
.6 -.09 |
|
|
3
3 |
9
2 |
.37
.16
.8 -.15 |
|
|
4
4 |
172 41 |
.83
.04
.8 -.38 |
|
|
5
5 |
228 55 |
1.54
.05
.9
.46 |
|
|
MISSING *** |
34
8#|
1.29
.35
.02 |
|
|
17 h 1
1 |
6
1 |
.32
.16 1.2 -.13 |APR_Q10E |
|
6
1 |
7
2 |
.65
.08 1.5 -.09 |
|
|
2
2 |
2
0 |
.15* 1.23 1.1 -.09 |
|
|
3
3 |
29
7 |
.45* .09
.6 -.25 |
|
|
4
4 |
262 63 |
1.09
.04
.9 -.18 |
|
|
5
5 |
108 26 |
1.77
.09 1.0
.42 |
|
|
MISSING *** |
35
8#|
1.31
.32
.02 |
|
------------------------------------------------------------------------

(Extracted from a full report Appendix R.03

While there are grounds for eliminating each of these items, they may be corrected by a
larger sample. The quantity of ‘Don’t Understand the question’ responses is very low.
There is some suggestion of an underlying, secondary factor which warrants further
investigation, detailed in Appendix R.03, in which the Dimensionality and Variance of
items 9, 18, 13 and 17 are isolated for closer scrutiny, Table 6.15. The reader will recall
that a condition of the Rasch Analysis is that of uni-dimensionality. In other words, the
survey item should enquire about the same thing, and be interpreted as being about the
237

same thing, at least by most respondents. However, this objective is not always
achievable, permitting the intrusion of other dimensions, each of which makes a
contribution to the raw variance. Table 6.15, and other, similar reports are reproduced in
the following sections to detail the impact of dimensions that are subordinate to the
intended Rasch dimension. These sub-dimensions comprise matrices each with their
eigenvalue property, which contributes to the eigenvalue of the Rasch dimension
matrix.
Table 6.15 Standardized Residual variance, expressed in Eigenvalue
-- Empirical -Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

7.9 100.0%
3.9 49.5%
2.1 26.0%
1.9 23.5%
4.0 50.5% 100.0%
1.7 20.9% 41.4%
1.3 16.1% 31.9%
1.0 13.2% 26.2%
.0
.3%
.5%
.0
.0%
.0%

Modeled
100.0%
52.5%
27.6%
24.9%
47.5%

(Extracted from a more extensive report, Appendix R.03)
In this case, the Rasch requirement for uni-dimensionality is tested by an examination
of the variance attributable to person and items. While there is a tolerance for other
unexplained variance, they should not cluster as this would indicate the possibility of
another dimension.
In this case, the variance explained by the Rasch dimension is 49.5%, implying that the
balance is explained by other factors. The unexplained variance in the first contrast (or
component) is 20.9%, which is much higher than the ideal 4% range. The eigenvalue of
the first contrast, divided into the eigenvalue of the total unexplained variance is more
than 2, which is the minimum indicator of the existence of a secondary dimension. The
variance explained by items, 23.5%, is only marginally larger than that explained by the
first contrast, adding to the strength of the evidence of a secondary factor. That the
standardized residual loadings for items reports that item 9 contrasts with item 13, and
item 18 contrasts with 17, Table 6.16, tends to confirm that these pairs of items are
being treated differently by the survey respondents.
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Table 6.16 Standardized Residual Loadings
------------------------------------------------------|CON- |
|
INFIT OUTFIT| ENTRY
G |
| TRAST|LOADING|MEASURE MNSQ MNSQ |NUMBER ITEM
R |
|------+-------+-------------------+------------------|
| 1 3 |
.78 |
-.10 1.33 1.11 |A
17 APR_Q10E B |
| 1 1 |
.57 |
-1.71 1.39 1.24 |B
13 AWR_Q10A B |
|
|-------+-------------------+------------------|
| 1 4 | -.63 |
.83 .95 .89 |a
9 APD_Q9C B |
| 1 2 | -.57 |
.98 .86 .86 |b
18 APH_Q10F B |
-------------------------------------------------------

(Extracted from a more extensive report, Appendix R.03)

Nevertheless, the survey reports very high levels of agreement with the premise offered
in the case of each pair, although the existence of subscales is signaled by the presence
upper and lowercase characters in pairs:
Q10a. Thinking about how a problem came about and about how effective the solution
was, is good preparation for the next time a problem occurs
Q10e Knowing what to expect in work can give an early indication of a problem.

93.8% of respondents either Strongly Agreed or Agreed, even though there are a few
responses at the extremes, being unexpected at the lower end of the ability / difficulty
scale, Figure 6.09.

Figure 6.09 Expected and actual Characteristic Curves for items 10a and
10e.

The same approach was applied to explore the possibility of subscales in the responses
elicited by the following items:
Q9c. The solution to a work problem is based on data and likelihood
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Q10f. Work problems can be solved with the help of graphs or timetables or maps or
numbers.
While 68.3% either Strongly Agreed or Agreed, it can be seen that the pattern of
responses seems to be more coherent, Figure 6.10.

Figure 6.10 Agreement on the problem solving utility of Data, Chance and Patterns

The combination of these items as reported in Table 5.3.4, illustrates the tension
between the two pairs more clearly, 6.11.

Figure 6.11 Combined Characteristic Curves for items 9c, 10f, 10a and 10e

The research literature surrounding this topic offers habit-forming routine and repetition
as a possible explanation for Mathematics Invisibility in the workplace. The modern
workplace runs on a platform of processes and procedures to control consistency and
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productivity, to achieve industry specific quality endorsements and to meet legislative
obligations regarding Health and Safety and Corporate Compliance. The findings of the
survey items designed to probe attitudes and beliefs around the role of process and
procedure reported in Table 5.3.5, were of such import that they were triangulated using
the Rasch methodology.

6.3.5 Awareness items - regarding Process and Procedure- Table 5.3.5
These items occurred in the survey in the sequence in which they are listed below. In
the first instance, 42% of respondents declared that their work was straightforward, the
implication is that almost 60% either Disagreed or Strongly Disagreed. When asked
specifically about the presence of and their adherence to procedures in work, the
responses were strongly in the positive, nearly double.
Q8c. The work I do is straight forward (42% SA or A)
Q9d. I follow the procedure to do my job (77.6% SA or A)
Q10b. There is a procedure for dealing with many of the situations that arise in
work (83.1% SA or A).
The first item, Q8c, lies a little outside the upper band of the FIT statistics, whereas,
Q9d and Q10b are well within. An earlier review (Review Rounds 3 and 4), considered
Q8c for elimination on the grounds of misfit and seemingly contradictory correlations
Table 6.17
Table 6.17 Item statistics Correlation Order
TABLE 26.1 V50 incl OBS ready for Import to Wins ZOU476WS.TXT1 Sep 18 12:30
2012
INPUT: 453 PERSON

67 ITEM

MEASURED: 429 PERSON

16 ITEM

5 CATS WINSTEPS 3.70.0.5

-------------------------------------------------------------------------------PERSON: REAL SEP.: 1.68

REL.: .74 ... ITEM: REAL SEP.: 9.30

REL.: .99

------------------------------------------------------------------------------------------------|ENTRY

TOTAL

TOTAL

|NUMBER

SCORE

COUNT

MODEL|
MEASURE

INFIT

S.E. |MNSQ

|

OUTFIT

ZSTD|MNSQ

|PT-MEASURE |EXACT MATCH|

ZSTD|CORR.

EXP.| OBS%

EXP%| ITEM

|
G |

|------------------------------------+----------+----------+-----------+-----------+------------|
|

3

1435

429

.96

.06|1.34

4.6|1.54

6.9|

.11

.54| 34.0

43.7| AVS_Q8C

B |

|

10

1635

426

.22

.06|1.08

1.1|1.09

1.2|

.48

.49| 58.2

51.6| AVA_Q9D

B |

|

14

1688

415

-.22

.07| .93

-.9| .99

-.1|

.32

.45| 58.1

54.9| AVU_Q10B B |

(Extracted from a more extensive report Appendix R.03)
While the observed and expected Point-Poly-serial correlation measures are both
positive, there is a substantial disparity between them, indicating that the response set
runs counter to expectations.

That there are no ‘Don’t Understand the Question’
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responses, and only 1 ‘Don’t Know’, indicates that the sample understood the point of
the item enabling a substantial majority to Disagree or Strongly Disagree, Table 6.18.
Table 6.18 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
3
1
1 |
1
0 |
-1.08
.1 -.13 |AVS_Q8C |
|
2
2 |
73 17 |
1.14
.09 2.4 -.04 |
|
|
3
3 |
174 41 |
1.21
.06 1.8
.01 |
|
|
4
4 |
139 32 |
1.11* .07 1.7 -.08 |
|
|
5
5 |
42 10 |
1.67
.16 1.4
.18 |
|
|
MISSING *** |
20
4#|
.00 |
|
|
10
1
1 |
6
1 |
.48
.42 1.5 -.10 |AVA_Q9D |
|
6
1 |
13
3 |
.80
.18 1.8 -.09 |
|
|
2
2 |
6
1 |
-.02* .27
.5 -.18 |
|
|
3
3 |
80 19 |
.74* .06
.8 -.27 |
|
|
4
4 |
241 57 |
1.13
.04
.9 -.11 |
|
|
5
5 |
80 19 |
2.13
.10
.8
.53 |
|
|
MISSING *** |
23
5#|
.66
.24
-.05 |
|
|
14
1
1 |
1
0 |
1.14
2.1
.00 |AVU_Q10B |
|
2
2 |
4
1 |
.70* .29 1.3 -.06 |
|
|
3
3 |
65 16 |
.95* .08 1.4 -.13 |
|
|
4
4 |
241 58 |
1.06* .05 1.1 -.21 |
|
|
5
5 |
104 25 |
1.72
.09 1.0
.36 |
|
|
MISSING *** |
34
8#|
1.29
.35
.02 |
|
------------------------------------------------------------------------

(Extracted from a more extensive report Appendix R.03)
In contrast, although Q9d and Q10b meet the FIT criteria, there is disorder in the
response sets, and not all categories are fully reported. However, the weight of evidence
is in the positive with relatively minor proportion in disagreement.

The contrast

between the three propositions, illustrated, on the one hand, a convergence of Q9d and
Q10b Figure 6.12, and an almost orthogonal plot for Q8c on the other, Figure 6.13. The
tension between them is shown in Figure 6.14.

Figure 6.12 Convergent Q9d and Q10b

Figure 6.13 Discordant Q8c
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Figure 6.14 Combined Characteristics Curves for Table 5.3.5
This tends to confirm less than half of workers rely on process and procedure to do their
jobs, which challenges the impact of habit forming repetition in making Mathematics
Invisible. Furthermore, it suggests that the workplace is unpredictable more than half
the time, implying that workers reconfigure their range of knowledge, skills and
competence, including mathematics, continuously in response to a range of tasks, that
arise in a dynamic volatile environment, such that may not be anticipated and controlled
in a formulaic way.

6.3.6 Awareness items regarding Context Effect-Table 5.3.6
The following items were designed to capture the uniqueness of the workplace in terms
of the language developed for specific and local requirements, and the relevance of offthe-job training provided:
Q9f. “It takes time to learn the lingo we use in work”
Q10c. “I adapt the 'off the job' training I get for the job I actually do”.
Item Q10c was eliminated in the first round for reasons of item dysfunction. The
remaining item, Q9f, is profiled in Tables 6.19 reporting Item function statistics.

Table 6.19 Item Q9f function statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
12
1688
426
-.01
.07|1.13
1.6|1.22
2.7| .43
.47| 53.1 53.5| AVA_Q9F B |
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report Appendix R.03)
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The response category Polarity for the same item, Q9f is reported in table 6.0. Both
reports are interpreted to assess the suitability of the item for inclusion.
Table 6.20 Item Q9f, Polarity of response categories.
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
12
1
1 |
6
1 |
.85
.50 2.1 -.05 |AVA_Q9F |
|
6
1 |
2
0 |
1.70
.99 3.5
.04 |
|
|
2
2 |
10
2 |
.34* .22
.9 -.16 |
|
|
3
3 |
84 20 |
.77* .06 1.0 -.26 |
|
|
4
4 |
212 50 |
1.08* .04
.8 -.15 |
|
|
5
5 |
112 26 |
1.86
.09 1.0
.47 |
|
|
MISSING *** |
23
5#|
.66
.24
-.05 |
|
------------------------------------------------------------------------

The item FIT statistics are well within bounds and Point-Poly-serial correlation
expected measures are coherent with that observed, Table 6.19. There are very few
‘Don’t Know’ and ‘Don’t Understand the Question’ responses, causing disorder, but
otherwise the responses are monotonic and orderly, Table 6.20. This is a good measure
of the variable despite the scores registered at the lower end of the person ability/ item
difficulty characteristic curve, Figure 6.15.

Figure 6.15 Q9f Item Characteristic Curve including 95% confidence interval
There is a very broad consensus that there exists a workplace language that takes time to
learn, further underlining the uniqueness of each workplace and the people occupied
therein. These insights add further depth to the author’s understanding of the how
mathematics may be contextualized in the workplace, and is revisited in Chapter 7

244

Emergent Issues. The author now turns to the survey findings regarding the selfreported Frequency of Numerate Behaviour in the workplace.

6.4 Investigating Survey Functioning – Frequency Items
In keeping with the Rasch methodology, the parameters of the following Frequency
items indicated unsatisfactory stability, Table 6.21.
.
Table 6.21 Item Fit Graph – All Frequency Items
TABLE 10.2 V50 Sep 18 16:14 2012. INPUT: 453 PERSON
PERSON 48 ITEM 6 CATS WINSTEPS 3.70.0.5

67 ITEM

MEASURED: 407

| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G
|-------+---------+---------------------+---------------------+-----------|
59| *
|
: *
:
|A
: .
:
* | WYD_Q17D A
|
26| *
|
: . * :
|B
: .
:
* | XWT_Q12A A
|
37|
*
|
: .
:*
|C
: .
:
* | XWR_Q13F A
|
20|
*
|
: .* :
|D
: .
: *
| PAD_Q11A A
\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
|
40|
*
|
*: .
:
|c
* : .
:
| POQ_Q14C A
|
24|
*
|
*: .
:
|a
* : .
:
| POH_Q11E A
---------------------------------------------------------------------------

Items 59, 26, 37 and 20, are shown to lie outside the upper OUTFIT limit,
suggesting unacceptable levels of noise. Items 40 and 24, while exhibiting too much
predictability, hint at the possibility of factors that are secondary to the Rasch
Dimension, even though their Point-Poly-serial correlation statistics are good, Table
6.22.

Table 6.22 Point-Poly-serial Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
59
1808
378
-.40
.05|1.09
1.1|1.99
7.6|A .54
.57| 41.2 41.4| WYD_Q17D A |
|
26
1912
399
-.42
.05|1.27
3.3|1.91
7.3|B .44
.56| 39.5 41.1| XWT_Q12A A |
|
37
1709
394
.01
.05|1.51
6.4|1.82
7.6|C .49
.61| 38.2 37.0| XWR_Q13F A |
|
20
1761
407
-.01
.05|1.17
2.4|1.72
6.8|D .56
.61| 36.0 37.4| PAD_Q11A A |
|
54
1683
381
-.05
.05| .67 -5.1| .71 -3.5|b .66
.60| 49.9 38.1| PER_Q16E A |
|
24
1713
407
.09
.05| .71 -4.8| .65 -4.7|a .69
.62| 46.9 37.0| POH_Q11E A |
|------------------------------------+----------+----------+-----------+-----------+------------|

(Extracted from a more extensive report, Appendix R.04
More evidence of problematic behaviour of survey items emerged from a review of
their respective Item Polarities, Table 6.23.
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Table 6.23 Frequency Item Polarity
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
59 A 6
1 |
1
0 |
3.53
10.0
.11 |WYD_Q17D |
|
1
2 |
47 12 |
-.21* .11 1.1 -.39 |
|
|
2
3 |
16
4 |
.29* .15 1.2 -.13 |
|
|
3
4 |
69 18 |
.44* .06
.6 -.23 |
|
|
4
5 |
81 21 |
1.00* .07
.8
.00 |
|
|
5
6 |
164 43 |
1.63* .10 1.1
.48 |
|
|
MISSING *** |
71 16#|
.48
.17
-.12 |
|
|
|
|
|
|
|
26 B 6
1 |
3
1 |
-.64
.47 1.0 -.12 |XWT_Q12A |
|
1
2 |
40 10 |
.05
.15 3.5 -.27 |
|
|
2
3 |
14
4 |
.15
.20 1.2 -.14 |
|
|
3
4 |
71 18 |
.52
.08 1.3 -.19 |
|
|
4
5 |
123 31 |
1.07
.08 2.0
.05 |
|
|
5
6 |
148 37 |
1.48
.11 1.4
.34 |
|
|
MISSING *** |
50 11#|
.19
.48
-.10 |
|
|
|
|
|
|
|
37 C 6
1 |
15
4 |
.14
.27 2.3 -.15 |XWR_Q13F |
|
1
2 |
64 16 |
.36
.12 3.5 -.24 |
|
|
2
3 |
24
6 |
.14* .09
.3 -.19 |
|
|
3
4 |
74 19 |
.55
.06
.6 -.19 |
|
|
4
5 |
104 26 |
1.13
.07
.9
.07 |
|
|
5
6 |
113 29 |
1.79
.14 1.5
.45 |
|
|
MISSING *** |
55 12#|
.21
.32
-.12 |
|
|
|
|
|
|
|
20 D 6
1 |
13
3 |
.10
.31 4.1 -.14 |PAD_Q11A |
|
1
2 |
65 16 |
.00* .10 2.3 -.37 |
|
|
2
3 |
38
9 |
.32
.10 1.0 -.18 |
|
|
3
4 |
77 19 |
.76
.07 1.5 -.09 |
|
|
4
5 |
88 22 |
1.08
.07
.8
.06 |
|
|
5
6 |
126 31 |
1.78
.12 1.2
.48 |
|
|
MISSING *** |
42
9#|
.00 |
|
/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
|
40 c 1
2 |
84 22 |
-.04
.07
.7 -.47 |POQ_Q14C |
|
2
3 |
25
6 |
.16
.09
.4 -.19 |
|
|
3
4 |
86 22 |
.64
.05
.5 -.16 |
|
|
4
5 |
83 21 |
1.27
.07
.7
.13 |
|
|
5
6 |
112 29 |
2.00
.12
.9
.56 |
|
|
MISSING *** |
59 13#|
.39
.25
-.10 |
|
|
|
|
|
|
|
24 a 6
1 |
5
1 |
-.12
.26 1.1 -.10 |POH_Q11E |
|
1
2 |
84 21 |
-.08
.08
.9 -.47 |
|
|
2
3 |
33
8 |
.24
.06
.3 -.19 |
|
|
3
4 |
85 21 |
.68
.04
.4 -.13 |
|
|
4
5 |
99 24 |
1.15
.05
.4
.09 |
|
|
5
6 |
101 25 |
2.17
.13
.8
.61 |
|
|
MISSING *** |
42
9#|
.00 |
|
------------------------------------------------------------------------

Item 59, Q17d. I collect work data from different sources as part of my job
This item attracted a single ‘Don’t Understand the question’ (DUtQ) response. Because
it is associated with an individual of otherwise high average ability is problematic,
because it disorders the monotonic progress of the other categories. This is particularly
challenging since the rest of the sample were able to make a decision. There are two
choices, viz., either eliminate the item or eliminate the response set that is causing the
disturbance. In the traditional paradigm, this data set would seem to be very reasonable,
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however, the Rasch approach determines that the measure should be independent of the
sample, and, in this case, seems to have attracted a highly unexpected response. It
occurred late in a manually completed survey instrument, in which the respondent had
selected category 5, SA, in every case. The category selected is physically adjacent to
SA and is the only occurrence in 407 responses. This type of behaviour could be
considered aberrant for this response set and should be set aside. The author withdrew
the item temporarily and reviewed the effect, Table 6.24.
Table 6.24 Effect of removing aberrant response to Item 17d by person 416
-----------------------------------------------------------------------|ENTRY
|NUMBER
|
415
|
416
|
417

TOTAL
SCORE
266
276
227

TOTAL
COUNT
48
46
48

MEASURE
2.10
6.31
1.08

MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Pers
.21| .80
-.6| .66 -1.1| .55
.28| 72.9 60.8| TC028
1.83|
MAXIMUM MEASURE| .00
.00|100.0 100.0| TC029
.13| .44 -3.4| .49 -2.7| .06
.43| 54.2 33.0| TC030

------------------------------------------------------------------------

(Extracted from a more extensive report)

Recoding the apparent aberrant code to SA from DUtQ, perfectly places the item in
terms of FIT, however, arbitrarily recoding a response to suit the needs of the model is
not a sustainable approach. Similarly, recoding the DUtQ response to ‘missing’ results
in the ‘Maximum Measure’ report highlighted in Table 6.28, which implies the presence
of extreme values and is unlikely. The remaining strategy is to remove the item from the
scale on account of its inability to discriminate between persons and because its FIT
statistics are outside the tolerance bands for rating scales. Having eliminated the item,
the diagnostic reports were run and examined for reviewed for evidence of item disfunction.

6.4.1 Survey Item Review - Round 6
This latest round focused attention on Item Q12a as the most mis-FITting at this
stage, exceeding the OUTFIT statistic by a margin of 0.51, illustrated in Table 6.25.
Table 6.25 Item MisFIT report
------------------------------------------------------------------------------------------------|ENTRY

TOTAL

TOTAL

|NUMBER

SCORE

COUNT

MODEL|
MEASURE

INFIT

S.E. |MNSQ

|

OUTFIT

ZSTD|MNSQ

|PT-MEASURE |EXACT MATCH|

ZSTD|CORR.

EXP.| OBS%

EXP%| ITEM

|
G |

|------------------------------------+----------+----------+-----------+-----------+------------|
|

26

1912

399

-.43

.05|1.27

3.3|1.91

7.3|A .44

.56| 38.6

41.1| XWT_Q12A A |

-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
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This assessment is supported by the graphic representation of FIT in Table 6.26.
Table 6.26 Item MisFIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
26| *
|
: . * :
|A
: .
:
* | XWT_Q12A A |
|
37|
*
|
: .
:*
|B
: .
:
* | XWR_Q13F A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
That the response set is monotonic in Rasch terms, is confirmed in Table 6.27

Table 6.27 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
26 A 6
1 |
3
1 |
-.68
.47
.9 -.12 |XWT_Q12A |
|
1
2 |
40 10 |
.04
.15 3.4 -.27 |
|
|
2
3 |
14
4 |
.14
.20 1.2 -.14 |
|
|
3
4 |
71 18 |
.52
.08 1.3 -.18 |
|
|
4
5 |
123 31 |
1.06
.08 2.0
.05 |
|
|
5
6 |
148 37 |
1.49
.11 1.4
.34 |
|
|
MISSING *** |
50 11#|
.18
.48
-.09 |
|
|
|
|
|
|
------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
In seeking information regarding routine behaviour, Item Q12a posits:
“I apply ready made solutions to familiar problems that arise in work”.

Even though the response set is monotonic, Table 6.27, and the Point-Poly-serial
correlations are acceptable, the indication of excessive noise in the response set renders
it unhelpful to the model at this time, Table 6.25, warranting its elimination to
counteract its possible distorting effect on the performance of other items.

6.4.2 Survey Item Review - Round 7
Survey item Q13f enquired about approaches to problem solving in work and
whether the workplace context exerted a binding effect, by inviting opinion in response
to the following statement:
“ I try and solve a problem that arises in work by ruling in only possible
explanations”.
The extent of the noise generated by this item, exceeding the upper OUTFIT limit
by almost 0.5, Tables 6.28 and 6.29, compromises its ability to function reliably,
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although its correlation statistics would be within acceptable bounds in other
circumstances. The polarity of the responses is disturbed, Table 6.30, and DUtQs
account for 4% of the whole.
Table 6.28 Item FIT Statistics and Correlation
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
37
1709
394
-.01
.05|1.54
6.7|1.86
7.8|A .48
.61| 38.0 37.2| XWR_Q13F A |
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive, Appendix R.04)
The degree of OUTFIT is more easily detected in the Item Graph FIT report, Table
6.29.
Figure R.29 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
37|
*
|
: .
:*
|A
: .
:
* | XWR_Q13F A |
|
20|
*
|
: .* :
|B
: .
:
* | PAD_Q11A A |
|
27|
* |
: . *:
|C
: .
*
| WEH_Q12B A |
----------------------------------------------------------------------------

(Extracted from a more extensive, Appendix R.04)
The Item Polarity report gauges the orderly behaviour of the responses, disorder
being highlighted by placing an * at the relevant point, Table 6.30. According to Rasch,
the measures of Average Ability should steadily increase.
Table 6.30 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
37 A 6
1 |
15
4 |
.11
.27 2.3 -.15 |XWR_Q13F |
|
1
2 |
64 16 |
.34
.12 3.6 -.24 |
|
|
2
3 |
24
6 |
.13* .09
.3 -.18 |
|
|
3
4 |
74 19 |
.53
.06
.7 -.18 |
|
|
4
5 |
104 26 |
1.12
.07 1.0
.07 |
|
|
5
6 |
113 29 |
1.82
.14 1.5
.45 |
|
|
MISSING *** |
55 12#|
.20
.32
-.12 |
|
------------------------------------------------------------------------

(Extracted from a more extensive, Appendix R.04)
While this item garnered very positive responses, and had the potential to corroborate
evidence

regarding routine and problem solving behaviour, it is unreliable as an

instrument of measurement in the Rasch paradigm and was withdrawn in Round 7.

6.4.3 Survey Item Review - Round 8
The elimination of item Q13f in the previous round, improved the OUTFIT for Item
Q11a by 0.05 to 1.81, Table 6.31.
249

Table 6.31 Item FIT and Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
20
1761
407
-.02
.05|1.22
3.0|1.81
7.5|A .55
.62| 35.1 38.0| PAD_Q11A A |
|
25
1678
406
.14
.05|1.31
4.2|1.48
4.9|B .58
.63| 39.7 36.7| WEQ_Q11F A |
|
32
2043
394
-.90
.06|1.44
4.4|1.47
3.5|C .47
.51| 49.1 49.8| XWQ_Q13A A |
|
27
1385
399
.71
.05|1.41
5.3|1.46
4.9|D .60
.68| 37.6 37.0| WEH_Q12B A |
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
However, this item still reflects intolerable noise levels from the Rasch perspective on
rating scales Table 6.32.
Table 6.32 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
20|
*
|
: . * :
|A
: .
:
* | PAD_Q11A A |
|
25|
*
|
: . *:
|B
: .
*
| WEQ_Q11F A |
|
32|*
|
: .
*
|C
: .
*
| XWQ_Q13A A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
Item, Q11A, explores the perceived problem-solving utility of Data handling and
Chance in the workplace by stating:
“I use the data involved in a work problem to trace the likely cause”.
The bulk of the responses lie largely in the positive, although the monotonic
behaviour of the categories is disturbed between DUtQ and SD, Table 6.33.
Table 6.33 Item Polarity
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
20 A 6
1 |
13
3 |
.07
.31 4.0 -.14 |PAD_Q11A |
|
1
2 |
65 16 |
-.03* .11 2.5 -.37 |
|
|
2
3 |
38
9 |
.32
.10 1.1 -.18 |
|
|
3
4 |
77 19 |
.76
.08 1.7 -.08 |
|
|
4
5 |
88 22 |
1.09
.07
.9
.05 |
|
|
5
6 |
126 31 |
1.83
.13 1.2
.48 |
|
|
MISSING *** |
42
9#|
.00 |
|
------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
The extent to which the item was unable to communicate with the sample, 3%,
causing the disorder, taken together with the noise implied in the OUTFIT statistic,
rendered this item unstable and was eliminated in Review Round 8.
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6.4.4. Survey Item Review - Round 9
An unavoidable by-product of eliminating distortive elements from the sample, is
that it narrows the basis upon which FIT, and other statistics are calculated. In this way,
items that were previously on the OUTFIT margins, can become more prominent. For
example, in Survey Item Review Round 6, item Q11f, was just outside the upper limit
of OUTFIT, Table 6.34. The successive eliminations in Rounds 7, and 8, have had the
effect of increasing the extent of OUTFIT by 0.22, Table 6.35, i.e. reporting 20% more
noise. This serves as a timely reminder that the pursuit of perfect FIT by item
elimination must be balanced by the benefit achieved.
Table 6.34 Item FIT report – for Item Q11F in Round 6
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
25
1678
406
.16
.04|1.28
3.9|1.46
4.9|E .58
.63| 39.1 36.4| WEQ_Q11F A |
-------------------------------------------------------------------------------------------------

(Extracted from Item FIT report, Review Round 6, Appendix R.04)
The eliminations in Round 6 and 7 caused a deterioration in the reported
performance of Item Q11F, Table 6.35.
Table 6.35 Item FIT and Correlation Statistics for Item Q11f in Round 8
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
25
1678
406
.14
.05|1.33
4.5|1.68
6.7|A .58
.64| 40.0 36.9| WEQ_Q11F A |
|
21
1807
407
-.12
.05|1.05
.7|1.57
5.4|B .57
.61| 42.1 38.8| FER_Q11B A |
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
Similarly, the extent of OUTFIT for Item Q11f is illustrated in Table 6.36, showing
a marked increase in noise.
Table 6.36 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
25|
*
|
: . *:
|A
: .
: *
| WEQ_Q11F A |
|
21|
*
|
: *
:
|B
: .
:*
| FER_Q11B A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
Item Q11f was attempting to capture the recognition of ‘Acting Upon Quantity and
Number’ as a Numerate Behaviour in the workplace by suggesting that :
“ I figure out the effect that quantities have on my work”.
Despite, the weight of responses being positive, there is evidence, that this item did
not achieve its purpose fully. The retention of acceptable correlation measures, the
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response categories are disordered, being disturbed by DUtQs amounting to 5% of the
whole, in addition to 10% missing data, , Table 6.37.

Table 6.37 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
25 A 6
1 |
22
5 |
.77
.19 6.0 -.04 |WEQ_Q11F |
|
1
2 |
83 20 |
-.10* .08 1.0 -.45 |
|
|
2
3 |
25
6 |
.22* .09
.4 -.16 |
|
|
3
4 |
82 20 |
.72* .06
.7 -.11 |
|
|
4
5 |
77 19 |
1.17
.06
.6
.07 |
|
|
5
6 |
117 29 |
2.03
.13 1.2
.54 |
|
|
MISSING *** |
43 10#|
.79
-.01 |
|
------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
On this evidence, the author elected to eliminate Q11f, item no. 25, in Round 9.

6.4.5 Survey Item Review - Round 10
This stage of the item functionality review offered Q11b and Q11e as candidates for
elimination on the basis of their respective FIT characteristics, Table 6.8 and
Correlation statistics, Table 6.39. These are:
“Q11b. I make sense of information that I receive in the form of charts, graphs,
timetables and the like”
“Q11e . I use measurements to describe the solution to a work problem”.
Q11b displays consistent correlation measures, but introduces almost 20% more
noise than is acceptable. In contrast, Q11e seems to be too predictable to benefit the
model, although it shows a marginal improvement from an initial value of 0.65 to 0.69,
as a consequence of eliminated items.

Table 6.38 Item FIT and Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
21
1807
407
-.12
.05|1.07
1.0|1.58
5.4|A .57
.61| 42.1 39.2| FER_Q11B A |
|
32
2043
394
-.92
.06|1.46
4.5|1.50
3.5|B .46
.51| 50.1 50.7| XWQ_Q13A A |
|
27
1385
399
.72
.05|1.43
5.6|1.48
5.0|C .60
.68| 37.3 37.4| WEH_Q12B A |

\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\//\/\/\/\/\/\/\/
|
24
1713
407
.08
.05| .76 -3.9| .69 -3.9|c .68
.63| 48.4 37.6| POH_Q11E A |
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
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As before, OUTFIT is more easily detected in the Item FIT Graph, Table 6.39

Table 6.39 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
21|
*
|
: *
:
|A
: .
:*
| FER_Q11B A |
|
32|*
|
: .
*
|B
: .
*
| XWQ_Q13A A |
|
27|
* |
: .
*
|C
: .
*
| WEH_Q12B A |
/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
|
24|
*
|
*: .
:
|c
* : .
:
| POH_Q11E A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
Both items behave in an orderly way, in terms of the category select being in line
with advancing with person Average Ability, Table 6.40.

Table 6.40 Item Polarity Report
-----------------------------------------------------------------------|ENTRY
DATA SCORE |
DATA
| AVERAGE S.E. OUTF PTMEA|
|
|NUMBER CODE VALUE | COUNT
% | ABILITY MEAN MNSQ CORR.| ITEM
|
|--------------------+------------+--------------------------+---------|
|
21 A 6
1 |
2
0 |
-.87 1.58 1.6 -.11 |FER_Q11B |
|
1
2 |
60 15 |
-.03
.12 2.0 -.35 |
|
|
2
3 |
31
8 |
.14
.10
.6 -.20 |
|
|
3
4 |
96 24 |
.70
.07 2.2 -.14 |
|
|
4
5 |
100 25 |
1.07
.08 1.7
.03 |
|
|
5
6 |
118 29 |
1.98
.13 1.2
.50 |
|
|
MISSING *** |
42
9#|
.00 |
|

\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
|
24 c 6
1 |
5
1 |
-.17
.33 1.2 -.11 |POH_Q11E |
|
1
2 |
84 21 |
-.12
.08
.9 -.46 |
|
|
2
3 |
33
8 |
.24
.07
.3 -.18 |
|
|
3
4 |
85 21 |
.70
.05
.5 -.13 |
|
|
4
5 |
99 24 |
1.20
.05
.4
.09 |
|
|
5
6 |
101 25 |
2.31
.15
.9
.60 |
|
|
MISSING *** |
42
9#|
.00 |
|
-----------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.04)
Apart from FIT, both items would appear to be equally good, although there is a hint
of the existence of a subscale associated with Q11e, indicated by the letters ‘C’ and ‘c’.
However, Q11b introduces more noise into the model than is acceptable, is more
sensitive to outliers, and is consequently eliminated in Round 10. Q11e, is retained, but
may present as a candidate for elimination in future rounds.

6.4.6 Survey Item Review - Round 11
As a consequence of the previous elimination rounds, All Frequency items adhere
to the OUTFIT limits, either exactly or to within a small margin. There remain a few
instances of disorder in response categories, but these may be overcome by a larger
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sample. The author decided to suspend the elimination process at this point in
anticipation of diminishing returns. In other words, the elimination of one item can have
the effect of causing another, previously orderly item to MISFIT. Full details of FIT,
Correlation and Polarity statistics for all remaining 42 Frequency items are provided in
Appendix R.04. This chapter now triangulates the Frequency of Numerate Behaviour
findings reported by traditional methods with those enabled by the Rasch Analysis.

6.5 Triangulation of Traditional and Rasch Analyses - Frequency Items
In the preceding chapter, Sections 5.6 and 5.7 collated the survey data by reference
to the frequency of responses occurring in each category in the traditional manner, to
profile the extent to which the sample recognized the role of mathematics in their work.
This information was presented in tables and graphics and used to contrast their
visibility of the mathematics they actually used in the performance of their work, with
their apparent dismissal of mathematics as a key job skill.

Subsequently, Rasch

Measurement Theory was applied to the data set, to check for non-performing items and
as a precursor to establishing a measure of Mathematics Invisibility. In the following,
intermediate step, the Rasch Analysis findings are now triangulated with the frequency
reports arrived at by traditional methods, for enhanced validity.
Each successive Table in the series 5.6.1 – 5.6.5, reports on the evidence of any
Numerate Behaviour in encounter with a specific Mathematics Domain. Triangulation
of the traditional methods and the Rasch Analysis approach is accomplished by
annotating an item in a table where Rasch treatment recommended its elimination, and
by providing corroborative evidence. Thereafter, Tables in the range 5.7.1 – 5.7.6 take
the contrary perspective by reporting on the proportions of a specific Numerate
Behaviour in encounter with any Mathematics Domain. As these Tables originate in
Chapter 5, the original numbering system is retained. The relevant Tables are
reproduced here for the convenience of the reader.
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Table 5.6.1Any Numerate Behaviour with Data handling and Chance
Item no. Entry no. Item Text
11a *
Eliminate I use the data involved in a work problem to trace the likely
cause
11d A
23
I interpret information from a variety of sources to form an
opinion about a work situation
12d B
29
From among the possible solutions, I select the one most
likely to solve the immediate problem
15d C
47
I merge work data from different sources to create an overall
report
15e a
48
I solve a problem by exploring the data for a likely
explanation
16f b
55
I describe a work situation using the data involved
17d *
Eliminate I collect work data from different sources as part of my job
18e c
66
I keep track of potential problems by comparing actual with
expected outcomes
*Rejected by Rasch Analysis as inferentially unstable.
This grouping of items was intended to demonstrate a coherence of Numerate
Behaviour in encounter with situations containing MKSC in the domain of Data
handling and Chance. From the original 8 items, 2 were eliminated on the grounds of
being dysfunctional. There is a degree of OverFIT reported in Table 6.41. While this is
not excessive, the existence of subscales is indicated by the lower case lettering, two of
which coincide with items that are slightly under the lower OUTFIT limit.
Table 6.41 Item Fit Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
23|*
|
: . *:
|A
: . * :
| XED_Q11D A |
|
29|
*
|
: . * :
|B
: . * :
| XWD_Q12D A |
|
47|
*|
:*.
:
|C
:*.
:
| XWD_Q15D A |
|
66|
* |
:*.
:
|c
:*.
:
| WED_Q18E A |
|
55|
* |
* .
:
|b
*: .
:
| POD_Q16F A |
|
48|
* |
*: .
:
|a
* : .
:
| PYD_Q15E A |
----------------------------------------------------------------------------

(Extracted from full report in Appendix R.05)
The comparison of expected and observed correlation is satisfactory, Table 6.42.
Table 6.42 FIT and Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
23
2092
407
-.85
.07|1.31
3.3|1.25
2.3|A .63
.67| 53.0 53.5| XED_Q11D A |
|
29
1897
399
-.20
.06|1.27
3.1|1.26
2.8|B .66
.71| 47.1 44.8| XWD_Q12D A |
|
47
1628
382
.46
.06| .95
-.6| .99
-.1|C .75
.75| 53.1 42.1| XWD_Q15D A |
|
66
1658
372
.23
.06| .98
-.2| .95
-.6|c .74
.74| 53.5 44.2| WED_Q18E A |
|
55
1708
381
.19
.06| .85 -2.0| .80 -2.5|b .76
.73| 55.0 44.2| POD_Q16F A |
|
48
1713
382
.18
.06| .71 -4.2| .66 -4.6|a .79
.73| 52.9 44.2| PYD_Q15E A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1782.7 387.2
.00
.06|1.01
-.1| .99
-.5|
| 52.4 45.5|
|
-------------------------------------------------------------------------------------------------

(Extracted from full report Appendix R.05)
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The following Table reports on the standardized residual variance in order to
illustrate the proportion of the explained variance, in other words the extent to whether
there exist significant factors that contribute to variance, Table 6.43

Table 6.43 Standardized Residual variance (in Eigenvalue values)
-- Empirical -Modeled
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

14.2 100.0%
8.2 57.9%
7.1 49.7%
1.2
8.2%
6.0 42.1% 100.0%
1.6 11.1% 26.3%
1.3
9.0% 21.4%
1.2
8.2% 19.4%
1.1
7.4% 17.7%
.9
6.3% 15.0%

100.0%
57.7%
49.6%
8.1%
42.3%

(Extracted from full report Appendix R.05)
The Rasch Dimension explains 57.9% of the variance. The unexplained variance in the
First Contrast (secondary dimension or factor), 1.6 Eigenvalue, rounded to 2, divided
into the total unexplained variance, 6, gives it a power of 3 items, so the possibility of a
subscale persists although the loading is not sufficiently heavy to threaten the overall
thrust of this collection of items. The largest secondary dimension, at 11% is rather
more than the ideal 4%. The variance explained by items, 8.2%, is less than that
explained by the 1 st contrast which is indicative of secondary dimension(s), of a
noticeable extent, reflecting the range of Numerate Behaviours it has drawn together.
Nevertheless, the overall intent of this group of items is sound. The elimination of items
11a and 17d, serves to increase the recognition of the Any Numerate Behaviour in
contact with Data handling and Chance, as illustrated by Figure 6.16.
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Figure 6.16 Any Numerate Behaviour in encounter with Data handling and
Chance

6.5.1 Any Numerate Behaviour: Pattern and Relationship-Table 5.6.2
The original exploration of Numerate Behaviour in encounter with Pattern and
Relationships, Table 5.6.2, included 2 items (*) which were eliminated during the Rasch
Item Functionality review cycle.
Table 5.6.2 Any Numerate Behaviour: Pattern and Relationship
Item
11b*
12e
12f
13c
13d
13e
13f*
14b
14d
14e
15a
15f
16c
16e

No.
-

Item text
I make sense of information that I receive in the form of charts, graphs, timetables
and the like
30
When trying to solve a problem, I take into account that a change in one part of the
problem can have an affect on another
31
I use my knowledge of the system to trace a fault back to the cause
34
I notice there is a problem when some aspect of my work differs from what I would
normally expect
35
I use my knowledge of how different parts of the system affect each other to find a
solution to a problem
36
I convert work information from one measuring system to another
I try and solve a problem that arises in work by ruling in only possible explanations
39
I discuss work drawings, schedules or spreadsheets with colleagues to make sense of
them
41
I use the information I get from a variety of sources to make judgements about work
42
I figure out the affect one quantity may have on another in work
44
I detect problems in work when something does not seem to fit in with the usual
pattern
49
I make estimates about the information contained in charts, graphs, diagrams,
timetables and the like
52
I find what I want by sorting information into sequence
54
I detect problems in work when the data does not seem to fit with normal
expectations
*Rejected by Rasch Analysis as inferentially unstable
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The FIT profile of the Survey Items measuring any Numerate Behaviour in
encounter with Pattern and Relationship Analysed by Rasch methods, echoes Table
5.6.2, as shown in Table 6.44. It displays items that are well within FIT and evenly
scattered across the range of possible responses.
Table 6.44 Item Fit Graph profile of Table 5.6.2
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
36|
*|
: . *:
|A
: . * :
| FAR_Q13E A |
|
39|
* |
: .* :
|B
: . * :
| FOR_Q14B A |
|
49|
* |
: . * :
|C
: . * :
| FAR_Q15F A |
|
52|
*
|
: .* :
|D
: .* :
| FYR_Q16C A |
|
34|
*
|
:*.
:
|E
: .* :
| WER_Q13C A |
|
41|*
|
: *
:
|F
: *
:
| XER_Q14D A |
|
42|
*
|
: *
:
|f
:*.
:
| FER_Q14E A |
|
30|*
|
:*.
:
|e
:*.
:
| XBR_Q12E A |
|
31| *
|
:*.
:
|d
:*.
:
| WER_Q12F A |
|
35|
*
|
* .
:
|c
* .
:
| XBR_Q13D A |
|
44|
*
|
*: .
:
|b
* .
:
| PER_Q15A A |
|
54|
*
|
*: .
:
|a
*: .
:
| PER_Q16E A |
----------------------------------------------------------------------------

Similarly, the associated Correlation metrics are reasonably close to that expected
and are acceptable, Table 6.45.
Table 6.45 FIT and Correlation Statistics for Table 5.6.2
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
36
1539
394
.68
.05|1.30
4.0|1.24
2.9|A .68
.73| 37.7 39.1| FAR_Q13E A |
|
39
1653
390
.34
.05|1.19
2.5|1.29
3.3|B .65
.70| 47.6 40.9| FOR_Q14B A |
|
49
1576
382
.45
.05|1.21
2.8|1.23
2.7|C .67
.71| 44.3 40.3| FAR_Q15F A |
|
52
1770
381
-.12
.06|1.14
1.7|1.16
1.7|D .64
.66| 46.1 43.9| FYR_Q16C A |
|
34
1767
394
.07
.05| .95
-.6|1.14
1.6|E .67
.68| 47.9 42.2| WER_Q13C A |
|
41
1940
390
-.55
.06|1.07
.9|1.01
.1|F .63
.63| 49.7 49.0| XER_Q14D A |
|
42
1754
390
.05
.05|1.01
.1| .92 -1.0|f .71
.68| 51.6 42.9| FER_Q14E A |
|
30
1998
399
-.62
.06| .95
-.6| .91
-.8|e .64
.62| 55.3 49.5| XBR_Q12E A |
|
31
1886
399
-.24
.06| .93 -1.0| .90 -1.1|d .68
.66| 51.2 45.3| WER_Q12F A |
|
35
1857
394
-.20
.06| .86 -1.9| .87 -1.4|c .70
.66| 53.7 45.4| XBR_Q13D A |
|
44
1740
382
-.01
.06| .77 -3.2| .86 -1.7|b .71
.67| 53.8 43.2| PER_Q15A A |
|
54
1683
381
.15
.05| .73 -3.9| .75 -3.2|a .73
.69| 55.8 42.3| PER_Q16E A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1763.6 389.7
.00
.06|1.01
.1|1.02
.3|
| 49.6 43.7|
|
| S.D.
133.8
6.4
.37
.00| .17
2.3| .17
2.0|
| 5.0
3.1|
|
-------------------------------------------------------------------------------------------------

The Rasch Dimension accounts for more than 55% of the variance in this group of
items, meaning that 44% of the variance is explained otherwise, Table 6.46.
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Table 6.46 Dimension and variance Profile Table 5.6.2 (in Eigenvalue units)
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
26.9 100.0%
100.0%
14.9 55.4%
56.1%
7.7 28.7%
29.0%
7.2 26.7%
27.0%
12.0 44.6% 100.0%
43.9%
2.2
8.0% 18.0%
1.4
5.1% 11.5%
1.3
4.9% 11.0%
1.2
4.5% 10.0%
1.1
4.0%
9.1%

The first contrast as a proportion of the total unexplained variance i.e. 12/2, gives it
the power of 6 items, is a good indicator of an observable secondary dimension. This is
further strengthened by the variance explained by the items being only 3 times that in
the first contrast, i.e. 26.7% compared to 8%.
These conditions confirm and slightly increase the Frequency of any Numerate
Behaviour in encounter with Pattern and Relationship, reported in Table 5.6.2 , and
reinforces its credibility, having detected and removed unstable items. This inference
is borne out by the Item Characteristics Curves illustrated in Figure 6.17.

Figure 6.17 Item Characteristic Curves Table 5.6.2 (adjusted by Rasch Analysis)
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The disorder reported at the lower portion of the person ability / item difficulty
curve, reflects the presence of ‘Don’t Understand the Question’ responses, or
unexpected denials of use among otherwise very mathematics aware persons. In future
uses of this tool, these irregularities may be overcome by revised wording or a larger
sample.

6.5.2 Any Numerate Behaviour: Space and Shape-Table 5.6.3
Table 5.6.3, reproduced in part hereunder for convenience, brings together the items
that the author designed to capture to what extent people relied on Space and Shape in
the performance of their work, regardless of how they engaged with it.

Table 5.6.3 Any Numerate Behaviour: Space and Shape
Item
no.
11c**

Entry
no.
22

Item text

I use reasoning skills on the measurements involved in a problem to
figure out a solution
11e
24
I use measurements to describe the solution to a work problem
12b
27
I measure dimensions in work
12c
28
I notice a problem in work when the measurements and dimensions seem
to be out of line with the usual
13b
33
I think about the shapes involved in a problem to find the solution
14f
43
I read charts, graphs, sketches and the like to get information about my
work
15b
45
I get work information in the form of measurements and proportions
15c
46
I notice there is a problem in work when the shape of some part of it is
different from usual
16d
53
I use the shapes involved in a problem when trying to find a solution
17a
56
I use diagrams, sketches, models and the like when I communicate about
work
17c
58
I use reasoning skills on the shapes involved in a work problem when
trying to figure out a solution
17e
60
I measure things
17f*
61
I use the quantities of a problem to help draw a sketch, diagram or the
like when discussing a problem
18d
65
I use my knowledge of shapes when trying to find a solution to a work
problem
** Suspended by Rasch Analysis Table-specific Triangulation

All 14 items in the original table survived the elimination rounds of the Rasch
Analysis of FIT and correlation, but 2 items now attract attention for having introduced
noise viz., Q11c (22) and Q17f (65), Table 6.47 and Table 6.48.
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Table 6.47 Item Fit Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
22|*
|
: . * :
|A
: .
:*
| PEH_Q11C A |
|
27|
* |
: . *:
|B
: . * :
| WEH_Q12B A |
|
28|
* |
: .* :
|C
: .* :
| PEH_Q12C A |
|
33|
*|
: .* :
|D
: *
:
| PEH_Q13B A |
|
46|
* |
: *
:
|E
: *
:
| PEH_Q15C A |
|
60| *
|
: *
:
|F
:*.
:
| XWH_Q17E A |
|
43| *
|
:*.
:
|G
:*.
:
| WEH_Q14F A |
|
58|
* |
:*.
:
|g
:*.
:
| PEH_Q17C A |
|
65|
*|
:*.
:
|f
* .
:
| PEH_Q18D A |
|
53|
*|
:*.
:
|e
* .
:
| PAH_Q16D A |
|
56|
*
|
:*.
:
|d
:*.
:
| WAH_Q17A A |
|
24|
*
|
* .
:
|c
*: .
:
| POH_Q11E A |
|
45|
*
|
* .
:
|b
*: .
:
| FYH_Q15B A |
|
61|
* |
* : .
:
|a
* : .
:
| POH_Q17F A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)
The Item Correlation report shows the extent of the Under and OverFIT of Items 22 and
61, Table 6.48.

Table 6.48 Item Correlation
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
22
1881
406
-.81
.05|1.25
3.0|1.50
4.4|A .59
.63| 43.1 44.5| PEH_Q11C A |
|
27
1385
399
.32
.05|1.31
3.9|1.30
3.0|B .68
.73| 43.5 41.4| WEH_Q12B A |
|
28
1477
399
.10
.05|1.11
1.6|1.14
1.5|C .69
.71| 42.0 38.8| PEH_Q12C A |
|
33
1332
394
.41
.05|1.12
1.6|1.01
.1|D .72
.73| 44.6 42.5| PEH_Q13B A |
|
46
1350
381
.26
.05|1.01
.2|1.08
.9|E .71
.72| 46.9 41.0| PEH_Q15C A |
|
60
1614
377
-.43
.05|1.03
.4| .90 -1.0|F .67
.66| 40.0 40.8| XWH_Q17E A |
|
43
1695
390
-.50
.05|1.00
.0| .98
-.2|G .66
.66| 44.3 40.6| WEH_Q14F A |
|
58
1337
377
.26
.05| .98
-.2| .91
-.9|g .74
.73| 49.0 41.1| PEH_Q17C A |
|
65
1229
370
.49
.05| .97
-.4| .83 -1.8|f .75
.74| 50.3 43.2| PEH_Q18D A |
|
53
1276
380
.44
.05| .95
-.6| .89 -1.2|e .75
.74| 46.7 41.8| PAH_Q16D A |
|
56
1500
377
-.15
.05| .91 -1.3| .94
-.7|d .69
.69| 47.5 40.2| WAH_Q17A A |
|
24
1713
407
-.38
.05| .82 -2.7| .77 -2.7|c .70
.67| 48.9 40.1| POH_Q11E A |
|
45
1512
382
-.13
.05| .81 -2.8| .74 -3.2|b .72
.69| 48.1 39.5| FYH_Q15B A |
|
61
1388
377
.13
.05| .70 -4.6| .70 -3.6|a .76
.71| 52.9 40.0| POH_Q17F A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1477.8 386.9
.00
.05|1.00
-.1| .98
-.4|
| 46.3 41.1|
|
| S.D.
181.7
11.7
.39
.00| .16
2.2| .21
2.2|
| 3.4
1.5|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)
Reflecting on the text of the items, the possibility of multiple interpretations is
discernible. The author suspended these items and re-started the diagnostic procedure
to produce Table 6.49 and Table 6.50. The elimination the ‘noisy’ items reports much
improved FIT statistics Table 6.49 in comparison with Table 6.47 accompanied by high
and consistent measures of Correlation, Table 6.50. All items fall within the boundaries
recommended for INFIT.

261

Table 6.49 Item Fit Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
27|
* |
: . * :
|A
: . * :
| WEH_Q12B A |
|
28|
*
|
: .* :
|B
: .* :
| PEH_Q12C A |
|
33|
* |
: *
:
|C
:*.
:
| PEH_Q13B A |
|
46|
* |
:*.
:
|D
: *
:
| PEH_Q15C A |
|
60| *
|
: *
:
|E
:*.
:
| XWH_Q17E A |
|
43|*
|
: *
:
|F
: *
:
| WEH_Q14F A |
|
56|
*
|
:*.
:
|f
:*.
:
| WAH_Q17A A |
|
58|
* |
:*.
:
|e
* .
:
| PEH_Q17C A |
|
65|
*|
:*.
:
|d
*: .
:
| PEH_Q18D A |
|
53|
*|
:*.
:
|c
* .
:
| PAH_Q16D A |
|
24| *
|
:*.
:
|b
:*.
:
| POH_Q11E A |
|
45|
*
|
* .
:
|a
*: .
:
| FYH_Q15B A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

The improvement in FIT and correlation achieved by eliminating Q17f and Q11c,
illustrated in Table 6.50.
Table 6.50 Item Correlation
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
27
1385
399
.26
.05|1.29
3.7|1.25
2.6|A .69
.73| 43.0 40.7| WEH_Q12B A |
|
28
1477
399
.04
.05|1.10
1.4|1.11
1.3|B .70
.72| 43.0 39.9| PEH_Q12C A |
|
33
1332
394
.36
.05|1.08
1.1| .99
-.1|C .73
.74| 45.1 42.7| PEH_Q13B A |
|
46
1350
381
.20
.05| .98
-.2|1.06
.7|D .73
.73| 47.4 41.4| PEH_Q15C A |
|
60
1614
377
-.49
.05|1.05
.7| .99
-.1|E .66
.67| 38.6 40.8| XWH_Q17E A |
|
43
1695
390
-.57
.05|1.02
.3|1.01
.1|F .66
.66| 44.5 41.7| WEH_Q14F A |
|
56
1500
377
-.21
.05| .96
-.6| .98
-.1|f .69
.69| 45.9 38.7| WAH_Q17A A |
|
58
1337
377
.21
.05| .96
-.5| .88 -1.3|e .74
.73| 47.1 41.4| PEH_Q17C A |
|
65
1229
370
.43
.05| .93
-.9| .79 -2.3|d .76
.75| 50.8 43.8| PEH_Q18D A |
|
53
1276
380
.39
.05| .91 -1.2| .85 -1.6|c .76
.74| 47.3 42.4| PAH_Q16D A |
|
24
1713
407
-.45
.05| .90 -1.4| .90 -1.1|b .69
.68| 49.6 40.8| POH_Q11E A |
|
45
1512
382
-.19
.05| .82 -2.6| .73 -3.2|a .72
.69| 44.6 38.4| FYH_Q15B A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1451.7 386.1
.00
.05|1.00
.0| .96
-.4|
| 45.6 41.1|
|
| S.D.
153.6
10.9
.35
.00| .12
1.6| .14
1.5|
| 3.1
1.5|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

As before, evidence of subscales persists, Table 6.51 as would be expected, having
drawn enquiries about different behaviours together, in contact with a single
mathematics domain i.e. Space and Shape.
Table 6.51 Dimensionality and Variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
29.4 100.0%
100.0%
17.4 59.2%
59.3%
7.5 25.3%
25.3%
10.0 33.9%
33.9%
12.0 40.8% 100.0%
40.7%
2.9 10.0% 24.5%
1.8
6.1% 14.9%
1.1
3.8%
9.4%
1.1
3.6%
8.9%
.9
3.2%
7.8%

(Extracted from a more extensive report Appendix R.05)
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The Rasch dimension accounts for almost 60% of the whole, leaving 40% to be
explained by other sub-dimensions. The First Contrast has the power of 4 items, which
of itself in not quite sufficient to constitute a secondary dimension, however, that the
variance explained by items is slightly more than 3 times that explained by the first
contrast indicates the presence of a secondary dimension. This set of circumstances
increases the aggregated Frequency of use of Space and Shape in the workplace, but
only slightly so. More importantly, the Rasch analysis has substantiated the efficacy of
this portion of the Survey instrument and what it reports, as illustrated in Figure 6.18.

Figure 6.18 Item Characteristic Curves for Table 5.6.3 (adjusted by Rasch Analysis)

There is evidence of unexpected responses at the lower end of the person ability /
item difficulty spectrum, but otherwise, this is a good representation of the sample’s
attitude to Space and Shape in the workplace. The reader will recall surprisingly low
recognition of the role of Space and Shape in work, and this data set seems to confirm
that.

6.5.3 Any Numerate Behaviour: Quantity and Number-Table 5.6.4
The author grouped together survey items that were concerned with Quantity and
Number, to establish whether, or to what extent, the sample relied on that mathematics
domain. The elimination rounds of the Rasch Analysis rejected item 11f as being an
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unreliable measure. The isolation of the remaining items indicated a substantial extent
of item dysfunction in 2 cases, highlighted in Table 6.52, confirmed by Table 6.53.
Table 5.6.4 Any Numerate Behaviour: Quantity and Number
Item
11f*
13a**
14a
14c**
16a
16b

No.
Elim.
32
38
40
50
51

Item text
I figure out the affect that quantities have on my work
I make estimates in my head about work
I work with amounts and quantities to solve a problem
I describe the solution to a problem using numbers and quantities
I discuss quantities associated with my job with work colleagues
I use reasoning skills on the numbers aspect of a problem to try and find a
solution
17b
57
I get work information in the form of quantities and numbers
18a
62
I describe some things in work using numbers and mathematical ideas
18c
64
I make work judgements around priority, urgency, importance and so on, on
the basis of the numbers involved
18f
67
I check on the quantities aspect of a work situation after a solution has been
implemented to gauge how well it has worked
*Rejected by the Rasch Analysis for inferential instability in elimination rounds.
** Suspended by Rasch Analysis Table specific Triangulation

Items Q13a and Q14c, are clearly out of FIT, Table 6.52
Table 6.52 Item Fit Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
32|*
|
: .
: *
|A
: .
:
* | XWQ_Q13A A |
|
67|
*|
: .* :
|B
: .* :
| PEQ_Q18F A |
|
64|
*
|
: .* :
|C
:*.
:
| FEQ_Q18C A |
|
38|
*
|
: *
:
|D
:*.
:
| PAQ_Q14A A |
|
50|
*
|
:*.
:
|E
:*.
:
| FOQ_Q16A A |
|
57|
*
|
* .
:
|d
:*.
:
| FYQ_Q17B A |
|
51|
*
|
* .
:
|c
* .
:
| PEQ_Q16B A |
|
62|
* |
* .
:
|b
*: .
:
| FOQ_Q18A A |
|
40|
* |
*: .
:
|a
* : .
:
| POQ_Q14C A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

Even though their respective Correlation measures are positive and reasonable, they
introduce an unacceptable degree of noise, Table 6.53.
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Table 6.53 Item Correlation
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
32
2043
394
-.93
.07|1.64
5.9|1.99
6.7|A .55
.64| 51.1 54.1| XWQ_Q13A A |
|
67
1489
372
.66
.06|1.18
2.2|1.19
2.1|B .75
.78| 41.4 40.2| PEQ_Q18F A |
|
64
1766
372
-.25
.06|1.10
1.2| .94
-.6|C .70
.70| 49.1 47.2| FEQ_Q18C A |
|
38
1747
390
.08
.06|1.04
.5|1.00
.0|D .72
.73| 48.2 42.5| PAQ_Q14A A |
|
50
1744
381
-.04
.06| .97
-.4| .97
-.3|E .72
.72| 47.6 43.2| FOQ_Q16A A |
|
57
1722
378
-.01
.06| .86 -1.8| .90 -1.1|d .74
.72| 52.0 43.5| FYQ_Q17B A |
|
51
1730
381
.00
.06| .87 -1.8| .83 -2.0|c .75
.72| 52.7 43.4| PEQ_Q16B A |
|
62
1627
371
.20
.06| .83 -2.3| .79 -2.4|b .77
.74| 50.7 41.1| FOQ_Q18A A |
|
40
1674
390
.30
.06| .72 -4.2| .68 -4.3|a .79
.75| 51.5 41.4| POQ_Q14C A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1726.9 381.0
.00
.06|1.02
-.1|1.03
-.2|
| 49.4 44.1|
|
| S.D.
138.1
8.2
.41
.00| .26
2.8| .36
3.0|
| 3.3
4.0|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

Item 13a intended to target mental arithmetic, and should more properly belong to a
separate group of items, given the varying levels of recognition, and the coherence of
the response set within the general population of items and persons, Figure 6.19.

Figure 6.19 Item Characteristic Curve and 95% confidence interval for Item
Q13a “I make estimates in my head about work”.

Item Q14c is somewhat the opposite, and is reported as being in contrast with Q13a.
Although Q13a, contains revealing information concerning the personal relevance of
mathematics in the workplace, its distortive effect, together with that of Q14c are
suspended for this table triangulation cycle, resulting in the Revised Table 5.6.4 profile
shown in Tables 6.54 and 6.66.
The effect of removing Q13a and 14c, is reflected in a more contained FIT profile
of the remaining items, Table 6.54, in comparison with Table 6.52.

265

Table 6.54 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
38|
*
|
: .* :
|A
: .* :
| PAQ_Q14A A |
|
64|*
|
: .* :
|B
:*.
:
| FEQ_Q18C A |
|
67|
*|
: .* :
|C
: .* :
| PEQ_Q18F A |
|
50| *
|
:*.
:
|D
:*.
:
| FOQ_Q16A A |
|
57| *
|
:*.
:
|c
:*.
:
| FYQ_Q17B A |
|
51| *
|
* .
:
|b
* .
:
| PEQ_Q16B A |
|
62|
*
|
* .
:
|a
* .
:
| FOQ_Q18A A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

Similarly, the resulting FIT and Correlation profiles, shown in table 6.55, while not
perfect, are still improved in comparison to Table 6.53.

Table 6.55 Item Fit and Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
38
1747
390
-.02
.06|1.15
1.9|1.12
1.3|A .73
.76| 49.3 43.8| PAQ_Q14A A |
|
64
1766
372
-.37
.06|1.15
1.7| .98
-.2|B .72
.73| 50.6 46.9| FEQ_Q18C A |
|
67
1489
372
.61
.06|1.14
1.8|1.11
1.3|C .78
.80| 42.8 43.4| PEQ_Q18F A |
|
50
1744
381
-.14
.06| .94
-.7| .93
-.8|D .74
.74| 49.6 44.9| FOQ_Q16A A |
|
57
1722
378
-.11
.06| .91 -1.1| .91 -1.0|c .76
.74| 52.4 44.1| FYQ_Q17B A |
|
51
1730
381
-.09
.06| .89 -1.5| .84 -1.9|b .76
.74| 52.2 44.1| PEQ_Q16B A |
|
62
1627
371
.12
.06| .87 -1.8| .84 -1.9|a .78
.76| 54.4 43.5| FOQ_Q18A A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1689.3 377.9
.00
.06|1.01
.1| .96
-.5|
| 50.2 44.4|
|
| S.D.
91.8
6.4
.28
.00| .12
1.5| .11
1.2|
| 3.4
1.1|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report Appendix R.05)

Once again there is evidence of sub-scales, with the exception of item Q16a, which
is unequivocal. The indication of sub-scales is to be expected when items probing
different facets of the same domain are brought together as in this case. The
Dimensionality and Variance is shown in Table 6.56.

Table 6.56 Dimensionality and Variance profile Table 5.6.4, amended by Rasch
Analysis
-- Empirical -Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=
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17.6 100.0%
10.6 60.2%
5.7 32.5%
4.9 27.6%
7.0 39.8% 100.0%
1.4
8.0% 20.0%
1.3
7.3% 18.3%
1.2
6.8% 17.1%
1.2
6.6% 16.6%
1.0
5.6% 14.1%

Modeled
100.0%
60.5%
32.7%
27.8%
39.5%

In this case, the Rasch Dimension accounts for more than 60% of the variance, leaving
almost 40% to be explained otherwise. The First contrast would seem to have the power
of just 3 items, and account for less than one third of that explained by the principal
factor. Although the evidence of a secondary dimension is strong, it is to be expected in
a grouping of items such as this.
The strength of the coherence of this group of items, modelled in Table 5.6.4, modified
by the Rasch Analysis, tends to confirm that validity of the survey items and its findings
in relation to the Frequency of Numerate Behaviour in encounter with Quantity and
Number, self-reported by the sample Figure 6.20.

Figure 6.20 Item Characteristic Curves for Table 5.6.4 (adjusted by Rasch Analysis)

6.5.4 Any Numerate Behaviour and Miscellaneous Domains
The original Table 5.6.5, comprised only 2 items, Q18b and Q12a, the latter
eliminated in the early Rasch Analysis rounds. Their wording is identical, but they
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occurred at almost opposite ends of the survey. The former attracted 1722 responses, the
latter 190 more, seeming not as negatively affected by some survey instruments not
having been completed in full. Item Q12a was temporarily reintroduced for the purpose
of this table triangulation, principally because the Winsteps software does not permit the
analysis of a single item.
Table 5.6.5 Any Numerate Behaviour and Miscellaneous Domains
Item
Entry Item Text
no.
no.
12a*
No
I apply ready- made solutions to familiar problems that arise in work
18b
63
I apply ready-made solutions to familiar problems that arise in work
*Rejected during the Rasch elimination Rounds.

The FIT and Correlation statistics reported in Tables 6.57 and 6.58, are good.
Table 6.57 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
26|*
|
: *
:
|A
* .
:
| XWT_Q12A A |
|
63|
*|
:*.
:
|a
* .
:
| XBT_Q18B A |
----------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)
There is an indication of the existence of sub-scale indicated by the placement of
upper and lowercase A, Table 6.58.
Table 6.58 Item FIT and Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
26
1912
399
-.32
.10|1.02
.2| .88
-.8|A .88
.88| 68.5 63.0| XWT_Q12A A |
|
63
1722
372
.32
.09| .98
-.2| .83 -1.2|a .86
.86| 66.2 59.5| XBT_Q18B A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1817.0 385.5
.00
.10|1.00
.0| .86 -1.0|
| 67.4 61.2|
|
| S.D.
95.0
13.5
.32
.00| .02
.2| .02
.2|
| 1.2
1.8|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive report, Appendix R.05)

The majority of the item variance is accounted for by the Rasch Dimension (75.4%),
Table 6.59.
Table 6.59 Item Dimensionality and Variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast

=
=
=
=
=
=
=

-- Empirical -Modeled
8.1 100.0%
100.0%
6.1 75.4%
75.4%
5.4 66.5%
66.5%
.7
8.9%
8.9%
2.0 24.6% 100.0%
24.6%
.0
.0%
.1%
.0
.0%
.0%

(Extracted from a more extensive report, Appendix, R.05)
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The identification and treatment of the suggested subscales (A,a) is not likely to add
to the

analysis of this facet of Numerate Behaviour.

The shape of the Item

Characteristic Curves associated with these items, Figure 6.21, suggests that there is a
sudden recognition of the application of familiar solutions to familiar problems,
clustered around the upper range of the frequency categories.

Figure 6.21 Item Characteristic Curve for Table 5.6.5.
This corroborates the extent of reliance on familiar solutions to familiar problems as
may be associated with the routine performance of work, in which Mathematics
Knowledge Skills and Competence may be subsumed, and applied automatically. These
data contribute to the use/denial paradox and is revisited in Chapter 7: Emergent Issues.

6.6. Rasch Analysis of the Frequency of Specific Numerate Behaviours
Having dealt with instances of Numerate Behaviour of any kind in contact with specific
Mathematics Domains, this present work now compares the evidence of specific
Numerate Behaviours in contact with any Mathematics Domain, previously assessed by
reference to proportionality, with that obtained by Rasch Analysis. The originating
Table identities are retained and reproduced here for the convenience of the reader.

6.6.1 ‘ Identify’ any Mathematics Domain- Table 5.7.1
Of the 5 items comprising Table 5.7.1, 4 survived the Rasch review of item
functionality, slightly reducing the reported frequency of the Numerate Behaviour ‘to
identify’ regardless of Mathematics Domain.
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Table 5.7.1 Identify any Mathematics Domain
Item No.
Item Text
15b
45
I get work information in the form of measurements and
proportions
15e
48
I solve a problem by exploring the data for a likely explanation
16c
52
I find what I want by sorting information into sequence
17b
57
I get work information in the form of quantities and numbers
17d* No
I collect work information from different sources as part of my job
*Rejected by Rasch Item Functionality review.

The remaining 4 items, report satisfactory FIT and Correlation statistics, Tables 6.60
and 6.61 respectively, and an indication of the presence of subscales.
Table 6.60 Item FIT Graph
-------------------------------------------------------------------------------------------------

| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
52|*
|
: *
:
|A
: *
:
| FYR_Q16C A |
|
45|
*|
: *
:
|B
: *
:
| FYH_Q15B A |
|
48| *
|
:*.
:
|b
:*.
:
| PYD_Q15E A |
|
57| *
|
* .
:
|a
* .
:
| FYQ_Q17B A |
----------------------------------------------------------------------------

(Extracted from a more extensive report Appendix R.05

The 4 items are scattered across the spectrum of the measure, which, although not
ideal, is nevertheless within the FIT parameters. The reported correlations are
reasonably close to expectation also, Table 6.61.
Table 6.61 Item Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
52
1770
381
-.31
.06|1.08
1.0|1.02
.3|A .73
.75| 48.5 45.4| FYR_Q16C A |
|
45
1512
382
.59
.06|1.07
.9|1.05
.6|B .79
.80| 45.1 42.6| FYH_Q15B A |
|
48
1713
382
-.09
.06| .94
-.8| .91 -1.0|b .77
.76| 46.3 44.2| PYD_Q15E A |
|
57
1722
378
-.18
.06| .87 -1.7| .81 -2.2|a .78
.76| 54.4 44.2| FYQ_Q17B A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1679.3 380.8
.00
.06| .99
-.2| .95
-.6|
| 48.6 44.1|
|
| S.D.
99.0
1.6
.35
.00| .09
1.2| .09
1.1|
| 3.6
1.0|
|
-------------------------------------------------------------------------------------------------

(Extracted from a more extensive Appendix R.05)

The Rasch Dimension accounts for 60% of the variance, almost 40% being
explained otherwise. The secondary dimension is indicated, but with the power of only
2 items, the variance explained by the items is nearly twice that of the first contrast,
suggesting a noticeable sub-scale, Table 6.62.
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Table 6.62 Rasch Dimensionality and Variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
10.1 100.0%
100.0%
6.1 60.2%
59.8%
3.3 32.4%
32.2%
2.8 27.8%
27.6%
4.0 39.8% 100.0%
40.2%
1.6 16.1% 40.6%
1.2 12.4% 31.2%
1.1 11.0% 27.8%
.0
.2%
.4%
.0
.0%
.0%

(Extracted from Appendix R.05)

The author was satisfied that combining queries about different kinds of Numerate
Behaviours would show secondary dimensions, chiefly because the respondents could
differentiate between them, however subtly they were phrased. The efficacy of these
items to facilitate the self-reporting of the frequency of identifying mathematics content
of whatever type is underlined by Figure 6.22.

Figure 6.22 Item Characteristic Curve reflecting the frequency of the
Numerate Behaviour ‘to Identify’, regardless of mathematics
Domain.
While there are some examples of outlying responses at the lower end of the scale,
this characteristic curve demonstrates the efficacy of the items in this group to record
the self- reported frequency of ‘identifying’ the MKSC content in workplace situations.
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6.6.2 ‘Evaluate’ any Mathematics Domain- Table 5.7.2
This group of items is attempting to capture whenever a worker

evaluates

mathematics in order to solve a problem or manage a situation. These items interpret
‘evaluate’ loosely to include making sense, reasoning, interpreting, figuring, measuring,
deducing, extrapolating and so on. There are likely to be many differently nuanced
understandings of these statements throughout the sample that may reflect on the
person’s ability, or the difficulty they experience, in responding to such propositions.
The author did not consider it feasible to control for the variety of the ways in which
these items could be interpreted, preferring to use short, sharp, clear statements instead.
As a consequence, indications of sub-scales are expected. The dimension codes shown
in the second column of Table 5.7.2 echoes those reported in the Rasch Analysis Tables
6.63 and 6.64, and highlighted in yellow.
Table 5.7.2 Evaluate any Mathematics Domain
Item
no.

11b*
11c
11d
11f*
12b
12c
12f
13b
13c
14d
14e
14f
15a
15c
16b

Entry no.
and
dimension
Code
eliminated
22
i
23
G
eliminated
27
E
28
F
31
a
33
A
34
J
41
d
42
i
43
G
44
b
46
D
51
H

Item Text

I make sense of information that I receive in the form of charts, graphs,
timetables and the like
I use reasoning skills on the measurements involved in a problem to
figure out a solution
I interpret information from a variety of sources to form an opinion
about a work situation
I figure out the effect that quantities have on my work
I measure dimensions in work
I notice a problem in work when the measurements and dimensions
seem to be out of line with the usual
I use my knowledge of the system to trace a fault back to the cause
I think about the shapes involved in a problem to find the solution
I notice there is a problem when some aspect of my work differs from
what I would normally expect
I use the information I get from a variety of sources to make
judgements about work
I figure out the affect one quantity may have on another in work
I read charts, graphs, sketches and the like to get information about my
work
I detect problems in work when something does not seem to fit in with
the usual pattern
I notice there is a problem in work when the shape of some part of it is
different from usual
I use reasoning skills on the numbers aspect of a problem to try and
find a solution
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16e
17c
18c
18d
18e
18f

54
e
58
C
64
f
65
B
66
c
67
H

I detect problems in work when the data does not seem to fit with
normal expectations
I use reasoning skills on the shapes involved in a work problem when
trying to figure out a solution
I make work judgements around priority, urgency, importance and so
on, on the basis of the numbers involved
I use my knowledge of shapes when trying to find a solution to a work
problem
I keep track of potential problems by comparing actual with expected
outcomes
I check on the quantities aspect of a work situation after a solution has
been implemented to gauge how well it has worked

There is a reasonable range to the Measures for this group of items. The FIT and
Correlation statistics are within acceptable bounds for a rating scale model, Tables 6.63
and 6.64.
Table 6.63 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
27|
* |
: . * :
|A
: . * :
| WEH_Q12B A |
|
33|
*|
: . * :
|B
: .* :
| PEH_Q13B A |
|
23|*
|
: . * :
|C
: . * :
| XED_Q11D A |
|
31| *
|
:*.
:
|D
: .* :
| WER_Q12F A |
|
65|
*|
: .* :
|E
: .* :
| PEH_Q18D A |
|
43|
*
|
: *
:
|F
: .* :
| WEH_Q14F A |
|
64| *
|
: *
:
|G
: *
:
| FEQ_Q18C A |
|
41| *
|
: *
:
|H
: *
:
| XER_Q14D A |
|
58|
* |
: *
:
|I
:*.
:
| PEH_Q17C A |
|
34|
*
|
:*.
:
|J
: *
:
| WER_Q13C A |
|
22|
*
|
: *
:
|i
: *
:
| PEH_Q11C A |
|
28|
* |
: *
:
|h
:*.
:
| PEH_Q12C A |
|
44|
*
|
*: .
:
|g
:*.
:
| PER_Q15A A |
|
46|
* |
:*.
:
|f
* .
:
| PEH_Q15C A |
|
42|
*
|
* .
:
|e
* .
:
| FER_Q14E A |
|
51|
*
|
* .
:
|d
* .
:
| PEQ_Q16B A |
|
67|
*
|
* .
:
|c
*: .
:
| PEQ_Q18F A |
|
66|
*
|
*: .
:
|b
*: .
:
| WED_Q18E A |
|
54|
*
|
* : .
:
|a
*: .
:
| PER_Q16E A |
----------------------------------------------------------------------------

(Extracted from Appendix R.05)

The survey items can be seen to be scattered across the range of the Measure, with a
few examples of slight Over FIT.

The correlation measures are strongly in line

providing confidence regarding the efficacy of the survey items, Table 6.64.
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Table 6.64 Item Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
27
1385
399
.66
.05|1.29
3.9|1.25
2.8|A .63
.69| 39.6 36.6| WEH_Q12B A |
|
33
1332
394
.74
.05|1.26
3.5|1.13
1.5|B .66
.69| 36.7 38.0| PEH_Q13B A |
|
23
2092
407
-.93
.06|1.21
2.2|1.21
1.8|C .49
.52| 48.2 48.4| XED_Q11D A |
|
31
1886
399
-.43
.05| .98
-.2|1.19
1.8|D .55
.57| 40.6 41.2| WER_Q12F A |
|
65
1229
370
.80
.05|1.15
2.0|1.11
1.3|E .68
.70| 41.7 38.8| PEH_Q18D A |
|
43
1695
390
-.07
.05|1.09
1.2|1.11
1.2|F .60
.61| 41.1 38.0| WEH_Q14F A |
|
64
1766
372
-.44
.05|1.09
1.2|1.03
.3|G .57
.57| 38.7 41.4| FEQ_Q18C A |
|
41
1940
390
-.70
.05|1.06
.8|1.09
.8|H .53
.54| 42.1 44.3| XER_Q14D A |
|
58
1337
377
.60
.05|1.07
1.0| .92
-.9|I .69
.68| 38.4 35.9| PEH_Q17C A |
|
34
1767
394
-.19
.05| .92 -1.1|1.06
.7|J .58
.60| 45.6 38.4| WER_Q13C A |
|
22
1881
406
-.35
.05|1.05
.7|1.05
.6|i .59
.59| 42.5 40.5| PEH_Q11C A |
|
28
1477
399
.46
.05|1.03
.4| .98
-.2|h .66
.67| 37.5 34.8| PEH_Q12C A |
|
44
1740
382
-.26
.05| .77 -3.3| .99
-.1|g .61
.59| 47.8 39.2| PER_Q15A A |
|
46
1350
381
.60
.05| .93 -1.1| .81 -2.4|f .70
.68| 38.3 35.8| PEH_Q15C A |
|
42
1754
390
-.21
.05| .87 -1.8| .86 -1.6|e .63
.60| 46.3 38.8| FER_Q14E A |
|
51
1730
381
-.24
.05| .86 -1.9| .86 -1.5|d .62
.59| 46.6 39.2| PEQ_Q16B A |
|
67
1489
372
.23
.05| .81 -2.8| .76 -3.0|c .68
.65| 44.8 36.3| PEQ_Q18F A |
|
66
1658
372
-.16
.05| .79 -3.1| .80 -2.3|b .64
.60| 47.2 38.0| WED_Q18E A |
|
54
1683
381
-.13
.05| .68 -4.9| .72 -3.3|a .66
.60| 49.1 38.2| PER_Q16E A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1641.6 387.2
.00
.05|1.00
-.2|1.00
-.1|
| 42.8 39.1|
|
| S.D.
233.4
11.5
.50
.00| .17
2.3| .16
1.7|
| 3.9
3.1|
|
-------------------------------------------------------------------------------------------------

(Extracted from Appendix R.05)

Of the total variance, 55.6% is accounted for by the Rasch Dimension Table 6.65,
with evidence of a number of other contrasts, or components.

Table 6.65 Dimensionality and variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
42.8 100.0%
100.0%
23.8 55.6%
55.3%
10.2 23.9%
23.8%
13.6 31.7%
31.6%
19.0 44.4% 100.0%
44.7%
3.0
7.1% 16.0%
2.0
4.6% 10.5%
1.8
4.3%
9.7%
1.5
3.6%
8.2%
1.2
2.8%
6.3%

(Extracted from Appendix R.05)
The ‘other contrasts’ noted in Table 6.65, although there are minor, as depicted in
the Scree Plot, Figure 6.23.
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Figure 6.23 Standardized Residual Variance Scree Plot
The Scree Plot indicates the total variance with the letter ‘T’ The Rasch Dimension
is represented by ‘M’. The variance unexplained by either persons, ‘P’ or items ‘I’, is
marked by ‘U’. The relative positions of the numerals represent the strength of the
underlying components, one of which may constitute a separate dimension in this case.
It does not serve the data analysis at this point to trace the embedded dimensions to their
source. It is sufficient for the needs of the research to verify the effectiveness of the
survey items to account for a spectrum of opinion and not to determine convergence.
Once it has been demonstrated that the survey instrument supports the reliable selfreporting of a sample, it can be applied to the individual with the same reliability. The
combined Characteristic Curves of Survey items relating to the Numerate Behaviour of
‘Evaluating’ is shown in Figure 6.24 to illustrate coherence of response patterns.
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Figure 6.24 Evaluate any Mathematics Domain – Characteristic Curves
Regarding the apparently contradictory information produced by Items 12F and
18D, wherein it was reported that :
“I use my knowledge of the system to trace a fault back to the cause”,

occurs twice as frequently as:
“I use my knowledge of shapes when trying to find a solution to a work problem” .

That they do not agree is no cause of concern as they address different dimensions,
however, that they function in an orderly fashion Figure 6.25 is of paramount
importance to the veracity of the measurement tool.
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Survey Item Q12f

Survey Item Q18d

Survey Items Q12f and Q18d Combined Characteristic Curves
Figure 6.25 Orderly Functioning of Items Q12f and Q18d.

6.6.3 ‘Act upon’ any Mathematics Domain- Table 5.7.3
Of the original 6 items comprising this group, item 11a was eliminated during the
Rasch item functionality review. To explore the idea of ‘acting upon’ the mathematical
content of a situation, the author used terms such as use, convert, and estimate, to
situate the items in a workplace.
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Table 5.7.3 Act Upon any Mathematics Domain
Item No.
Item Text
11a* No
I use the data involved in a work problem to trace the likely cause
13e
36
I convert work information from one measuring system to another
14a
38
I work with amounts and quantities to solve a problem
15f
49
I make estimates about the information contained in charts, graphs,
diagrams, timetables and the like
16d
53
I use the shapes involved in a problem when trying to find a solution
17a
56
I use diagrams, sketches, models and the like when I communicate
about work
*Rejected during the Rasch Item Functionality Elimination Rounds.

The resultant FIT and measure spread statistics, Table 6.66, together with the
Correlation statistics, Table 6.66 are acceptable and orderly.
Table 6.66 Item FIT statistics and measure spectrum
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
53|
*|
: .* :
|A
: .* :
| PAH_Q16D A |
|
38|*
|
: *
:
|B
: *
:
| PAQ_Q14A A |
|
36|
*
|
: *
:
|C
:*.
:
| FAR_Q13E A |
|
49|
*
|
* .
:
|b
* .
:
| FAR_Q15F A |
|
56|
*
|
* .
:
|a
*: .
:
| WAH_Q17A A |
----------------------------------------------------------------------------

(Extracted from Appendix R.05)

Each of the items FIT within the FIT parameters, with the exception of Item 56, which
is marginal. Excluding this item is not likely to add to the usefulness of the analysis,
given its reported correlation statistics in Table 6.67.

Table 6.67 Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
53
1276
380
.65
.05|1.18
2.3|1.11
1.3|A .74
.76| 42.9 43.1| PAH_Q16D A |
|
38
1747
390
-.55
.05|1.06
.8|1.09
1.0|B .70
.71| 46.0 43.2| PAQ_Q14A A |
|
36
1539
394
.07
.05|1.04
.6| .97
-.3|C .75
.75| 40.9 39.7| FAR_Q13E A |
|
49
1576
382
-.16
.05| .87 -1.8| .87 -1.4|b .75
.73| 48.2 41.0| FAR_Q15F A |
|
56
1500
377
-.01
.05| .83 -2.4| .79 -2.5|a .76
.74| 47.3 38.7| WAH_Q17A A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1527.6 384.6
.00
.05|1.00
-.1| .97
-.4|
| 45.1 41.2|
|
| S.D.
151.4
6.4
.39
.00| .13
1.7| .12
1.4|
| 2.8
1.8|
|
-------------------------------------------------------------------------------------------------

(Extracted from Appendix R.05)

The Rasch Dimension explains almost 60% of the variance in the underlying trait, more
than half of which being due to items, Table 6.68.
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Table 6.68 Dimensionality and Variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
12.5 100.0%
100.0%
7.5 59.9%
59.7%
3.5 28.4%
28.3%
3.9 31.6%
31.4%
5.0 40.1% 100.0%
40.3%
1.4 11.4% 28.6%
1.3 10.7% 26.8%
1.2
9.3% 23.3%
1.0
8.3% 20.8%
.0
.2%
.5%

(Extracted from Appendix R.05)

The evidence of a secondary dimension has the power of 3 items, and is one third the
extent that of the principle items. The Scree Plot, Figure 6.27, shows the relatively
minor strength of underlying components.
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Figure 6.26 Standardized Residual Variance Scree Plot
The coherence of the response patterns in this group of items is underlined by their
combined Characteristic Curve, Figure 6.27.
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Figure 6.27 Item Characteristic Curves for Table 5.7.3, amended by Rasch Item
Functionality Review.
This group of items, modified by the Rasch Item Functionality Review, reports the
reliable capacity to record self-reported instances of ’Acting upon’ mathematics
containing situations regardless of Domain.

6.6.4 ‘Communicate about’ any Mathematics Domain-Table 5.7.4
The author used the terms ‘describe’ and ‘discuss’ to encapsulate the activity of
‘Communicating about’ mathematics containing situations in work.
Table 5.7.4 Communicate about any Mathematics Domain
Item
no.
11e
14b

Entry
no.
24
39

14c
16a
16f
17f

40
50
55
61

18a

62

Item Text
I use measurements to describe the solution to a work problem
I discuss work drawings, schedules or spreadsheets with colleagues to
make sense of them
I describe the solution to a problem using numbers and quantities
I discuss quantities associated with my job with work colleagues
I describe a work situation using the data involved
I use the quantities of a problem to help draw a sketch, diagram or the
like when discussing a problem
I describe some things in work using numbers and mathematical ideas
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All of the items constituting the original table were retained after the Rasch Survey Item
Review Rounds. There are no items at the upper limit of the FIT statistics, Table 6.69,
and one just outside the lower limit, giving a reasonable spread of the measure.
Table 6.69 Item FIT graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
50|*
|
: .* :
|A
:*.
:
| FOQ_Q16A A |
|
55| *
|
: .* :
|B
: *
:
| POD_Q16F A |
|
24|
*
|
: *
:
|C
: *
:
| POH_Q11E A |
|
61|
*|
: *
:
|D
:*.
:
| POH_Q17F A |
|
39|
*
|
:*.
:
|c
:*.
:
| FOR_Q14B A |
|
62| *
|
:*.
:
|b
* .
:
| FOQ_Q18A A |
|
40|
*
|
*: .
:
|a
*: .
:
| POQ_Q14C A |
----------------------------------------------------------------------------

(Extracted from Appendix R.05)

The Correlation statistics are satisfactory, being positive and coherent between the
observed and the expected levels, Table 6.70.

Table 6.70 Item Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
50
1744
381
-.41
.06|1.17
2.1| .98
-.2|A .72
.74| 50.0 48.1| FOQ_Q16A A |
|
55
1708
381
-.28
.06|1.11
1.4|1.06
.7|B .73
.75| 48.6 46.0| POD_Q16F A |
|
24
1713
407
.05
.06|1.05
.7|1.00
.1|C .77
.77| 50.5 44.5| POH_Q11E A |
|
61
1388
377
.77
.06|1.03
.4| .92
-.9|D .79
.79| 48.9 46.3| POH_Q17F A |
|
39
1653
390
.04
.06| .96
-.4| .97
-.3|c .76
.76| 48.8 44.1| FOR_Q14B A |
|
62
1627
371
-.14
.06| .92 -1.0| .82 -2.0|b .77
.76| 51.7 46.3| FOQ_Q18A A |
|
40
1674
390
-.03
.06| .79 -3.0| .70 -3.7|a .79
.76| 52.3 44.1| POQ_Q14C A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1643.9 385.3
.00
.06|1.01
.0| .92
-.9|
| 50.1 45.6|
|
| S.D.
110.6
10.9
.35
.00| .12
1.6| .11
1.4|
| 1.4
1.4|
|
-------------------------------------------------------------------------------------------------

(Extracted from Appendix R.05)

The Rasch Dimension accounts for 63% of the variance, Table 6.71.
Table 6.71 Rasch Dimensionality and variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
18.9 100.0%
100.0%
11.9 63.0%
63.1%
6.6 34.9%
34.9%
5.3 28.1%
28.2%
7.0 37.0% 100.0%
36.9%
1.5
8.1% 21.9%
1.3
7.0% 19.0%
1.1
6.1% 16.4%
1.1
5.9% 16.1%
1.0
5.3% 14.4%

(Extracted from Appendix R.05)
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While there is evidence of secondary components, they are of minor impact, Figure
6.28, and are not troubling at this point.
VARIANCE COMPONENT SCREE PLOT
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Figure 6.28 Standardized Residual Variance Scree Plot
The capacity of these items to account for ‘communicating about’ mathematics in
work, regardless of domain is demonstrated by the Item Characteristic Curve, Figure
6.29, about which the responses are distributed.

Figure 6.29 Item Characteristic Curve for Table 5.7.4, unmodified by the
Rasch Analysis
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6.6.5 ‘Workplace’ Numerate Behaviours-Table 5.7.5
This group of items represents a line of enquiry that did not fit neatly into a
particular kind of Numerate Behaviour, but that occurs in workplaces nonetheless. The
original treatment of this data in Table 5.7.5, reported very high levels of frequency of
use. The Survey Item Review Rounds eliminated q12a and q13f for unreliability. The
author applied the Rasch Analysis techniques as before to triangulate the findings in
Table 5.7.5.
Table 5.7.5 Workplace Numerate Behaviours
Item
Entry no. Item Text
no.
12a
eliminated I apply ready-made solutions to familiar problems that arise in
work
12d
29
From among the possible solutions, I select the one most likely
to solve the immediate problem
13a
32
I make estimates in my head about work
13f
eliminated I try and solve a problem that arises in work by ruling in only
possible explanations
15d
47
I merge work data from different sources to create an overall
report
17e
60
I measure things
The remaining items display good FIT and measure spread characteristics Table 6.72.
Table 6.72 Item FIT Graph
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
32|*
|
: . * :
|A
: *
:
| XWQ_Q13A A |
|
29|
*
|
: *
:
|B
: *
:
| XWD_Q12D A |
|
60|
*|
: *
:
|b
:*.
:
| XWH_Q17E A |
|
47|
*|
* .
:
|a
:*.
:
| XWD_Q15D A |
----------------------------------------------------------------------------

(Extracted from Appendix R.05)

Similarly, the Point-Poly-serial statistics are strongly positive and coherent, Table 6.73.
Table 6.73 Item Correlation Statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
32
2043
394
-.68
.06|1.23
2.4|1.03
.3|A .60
.61| 54.6 50.3| XWQ_Q13A A |
|
29
1897
399
-.13
.05|1.01
.1|1.04
.4|B .67
.68| 46.6 40.2| XWD_Q12D A |
|
60
1614
377
.39
.05|1.00
.0| .93
-.8|b .74
.73| 39.0 36.8| XWH_Q17E A |
|
47
1628
382
.41
.05| .87 -1.8| .95
-.6|a .74
.73| 42.6 36.6| XWD_Q15D A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1795.5 388.0
.00
.05|1.03
.2| .99
-.2|
| 45.7 41.0|
|
| S.D.
182.0
8.9
.45
.00| .13
1.5| .05
.6|
| 5.8
5.6|
|
-------------------------------------------------------------------------------------------------

(Extracted from Appendix R.05.)
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In addition, there is some evidence of the presence of secondary components, Table
6.74.
Table 6.74 Items Dimensionality and variance
Table of STANDARDIZED RESIDUAL variance (in Eigenvalue units)
-- Empirical -Modeled
Total raw variance in observations
=
8.6 100.0%
100.0%
Raw variance explained by measures
=
4.6 53.4%
53.7%
Raw variance explained by persons =
2.2 25.8%
26.0%
Raw Variance explained by items
=
2.4 27.6%
27.7%
Raw unexplained variance (total)
=
4.0 46.6% 100.0%
46.3%
Unexplned variance in 1st contrast =
1.4 16.1% 34.6%

(Extracted from Appendix R.05)

Although 53.4% of the variance is explained by the Rasch dimension, the existence is
corroborated by the Scree Plot Figure 6.30
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Figure 6.30 Standardised Residuals Scree Plot of Rasch and Secondary dimension.
The Rasch Dimension explains more than 53% of the variance in this group of items.
The evidence of the secondary component suggests that it has the power of 2 items, the
minimum for consideration of another dimension, and is about half that of the variance
explained by the Principle component. It is noticeable and expected in a group of items
that shares the workplace theme addressed from slightly differing perspectives.
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However, the evidence discernible in the synthesis of the Items Characteristic Curves,
Figure 6.31, tends to confirm that these items are useful for capturing workplace
Numerate Behaviour in this case.

Figure 6.31 Item Characteristic Curves for Table 5.7.5 modified by the Rasch Analysis.

6.6.6 ‘Problem Solving’ Numerate Behaviours-Table 5.7.6
The final group of items explicitly mention the role of problem solving, without any
mention of mathematics concepts or domains. It allows the respondent to interpret what
a problem is and what strategies they employ to solve it. These data were captured
opportunistically, the principal intent being to evoke workplace problem situations and
reactions.
Table 5.7.6 Problem Solving behaviours in the Workplace
12e

30

13d

35

18b

63

When trying to solve a problem, I take into account that a change in one part
of the problem can have an affect on another
I use my knowledge of how different parts of the system affect each other to
find a solution to a problem
I apply ready-made solutions to familiar problems that arise in work

The Item FIT and Measure Spread properties of this group of items, Table 6.75, are
well within acceptable limits, although item Q12e seems to offer contra indications.
Table 6.75 Item FIT Graph and Measure spread
---------------------------------------------------------------------------| ENTRY | MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |
|
| NUMBER| + |0
0.81 1.4
2|0
0.81 1.4
2| ITEM
G |
|-------+---------+---------------------+---------------------+------------|
|
63|
*|
: *
:
|A
: *
:
| XBT_Q18B A |
|
35|
* |
:*.
:
|B
* .
:
| XBR_Q13D A |
|
30|*
|
:*.
:
|a
* .
:
| XBR_Q12E A |
----------------------------------------------------------------------------

(Extracted from Appendix R.05)
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The associated Correlation statistics are strongly positive attracting quantities of
responses ranging from 372 – 399, Table 6.76.

Table 6.76 Item Correlation statistics
------------------------------------------------------------------------------------------------|ENTRY
TOTAL TOTAL
MODEL|
INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| ITEM
G |
|------------------------------------+----------+----------+-----------+-----------+------------|
|
63
1722
372
.30
.07|1.09
1.1|1.09
1.1|A .80
.82| 47.5 46.9| XBT_Q18B A |
|
35
1857
394
.17
.07| .94
-.7| .88 -1.5|B .82
.81| 59.2 48.7| XBR_Q13D A |
|
30
1998
399
-.48
.08| .94
-.7| .89 -1.3|a .79
.78| 59.4 54.6| XBR_Q12E A |
|------------------------------------+----------+----------+-----------+-----------+------------|
| MEAN 1859.0 388.3
.00
.07| .99
-.1| .95
-.6|
| 55.4 50.1|
|
| S.D.
112.7
11.7
.34
.00| .07
.9| .10
1.2|
| 5.5
3.3|
|
-------------------------------------------------------------------------------------------------

(Extracted from Appendix R.05

The Rasch Dimension accounts for 62% of the variance, with some evidence of a
secondary component, although not sufficient to constitute a separate domain, Table
6.77.
Table 6.77 Dimensionality and variance
Total raw variance in observations
Raw variance explained by measures
Raw variance explained by persons
Raw Variance explained by items
Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

=
=
=
=
=
=
=
=
=
=

-- Empirical -Modeled
7.9 100.0%
100.0%
4.9 62.1%
61.9%
3.2 40.1%
40.0%
1.7 22.0%
21.9%
3.0 37.9% 100.0%
38.1%
1.7 21.2% 55.8%
1.3 16.7% 44.0%
.0
.0%
.1%
.0
.0%
.0%
.0
.0%
.0%

(Extracted from Appendix R.05)

The unexplained variance is distributed across 2 contrasts, Figure 6.32, accounting for a
measure of discord illustrated by their combined Characteristic Curves, Figure 6.33.
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Figure 6.32 Scree Plot items comprising Table 5.7.6

Apart from some disturbance at the lower part of the scale, which highlights the
dissonance between Q12e on the one pattern in contrast with Q18b and 13d, on the
other, as predicted by the evidence of a secondary component, this group of items
manages to capture the perceptions of the sample across a broad spectrum Figure 6.33.

Figure 6.33 Item Characteristic Curves for Table 5.7.6, unmodified by the Rasch
Analysis.
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6.7 Rasch Analysis Summary
It is clear, from the triangulation process, that the original survey data included
items that were not wholly successful in their purpose, i.e. to enable the self-reporting of
a range of Numerate Behaviours in encounter with a range of Mathematics and other
domains.

Having excised those items, on the basis of their dysfunctionality, the

remainder seem to corroborate the findings of the more traditional approach to the
analysis of data by reporting proportionality. The rejection of the items had a slight
effect on the degree of Awareness and Frequency, but not the impact. The contribution
of the Rasch Analysis was to separate from the survey instrument, those items which
observed the latent trait consistently, from those that did not. In this way, Rasch
techniques established a scale upon which these observations could be quantified and
compared in logistic units. The author suggests that each response set self-reported by
each of the case studies, can now be compared with their ‘observed’ response in the
case studies, such that any dissonance could be measured as the distance between the
logit values in each item, or group of items. In other words, the mathematical difference
between the self-reported and the observed Numerate Behaviour represents a quantity of
Mathematics Invisibility calibrated in log-odds units.

6.8 Mathematics Invisibility in the Workplace
Up to this point, the data sets reporting the Numerate Behaviour ‘observed’ in the
case studies, have been excluded so as not to contaminate the body of self-reported data.
The author reintroduced the ‘observed’ data sets as a distinct group i.e. case studies
observed, thus enabling comparison with a second distinct group, i.e. case studies selfreported, by reference to Differential Item Functioning (DIF). The observed Numerate
Behaviour addressed Frequency items only, since the Awareness data sets are unique to
the individual and not amenable to a ‘second guess’. What follows is an experimental
application of the DIF, to examine whether there is any significant contrast in the SelfReported and Observed data sets. This is optimistic as the sample is very small, and the
expected difference likely to be < 0.5 logits. The person estimates are anchored at their
values in the main analysis whereas the item difficulties are estimated for each group.
This accounts for the reporting of small degrees of difference, even though the item
category response is identical in some cases. The following section takes each case
study in turn and reports evidence of DIF. The items displaying difference are listed in
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Tables 6.78 - 6.84,

reporting their impact on any Numerate Behaviour in encounter

with specific mathematics Domains, followed by specific Numerate Behaviours in
encounter with any Mathematics Domain. A graphic of the estimated DIF is provided,
followed by a Bond and Fox Bubble chart (or pathway) which places the Self-Reported
and Observed levels of Numerate Behaviour along a scale calibrated in logits.

6.9 Case Study 1 Richie
Richie completed the survey instrument to Self-report (SR) his perception of his
own Numerate Behaviour, as did each of the other case study participants. The
information garnered from job-shadowing each worker, enabled the author to identify
the underlying mathematics knowledge skills and competence, and calibrate them by
reference to the National Framework of Qualifications. The analysis of the
accompanying discourse revealed the subtle instances of mathematics activity that were
otherwise disguised. Thus informed, the author completed a second survey to capture
the Numerate Behaviour observed (OBS) during each case study in order to capture and
measure the extent of Mathematics Invisibility experienced by the case study
participant. The findings are reported in the following paragraphs and illustrations, with
a particular focus on where the self-reported (SR) scores contrast with the Observed
(OBS) scores. The resultant Differential Functioning is illustrated in Figure 6.34.

Frequency items included in the Comparison of Self-Reported and Observed Numerate

1.5

DIF size in logits

1
0.5
0

-0.5
-1

-1.5

-2
O

S

Figure 6.34 DIF size estimates for Case Study 1, contrasting the Observed and SelfReported Numerate Behaviours (the labels O and S are software controlled).
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The reader will recall that survey respondents were invited to score their perception
of their own Numerate Behaviour using a frequency scale ranging from 1, indicating
never or hardly ever, to a high score of 5, meaning every day, Chapter 3. The majority
of Self-reported (SR) and Observed (OBS) scores concur. The codes OBS and SR are
equivalent to O and S respectively as shown in Figure 6.34. Table 6.8.1 details and
explains items where these scores differed, regarding Any instance of Numerate
Behaviour in encounter with a specific Mathematics Domain. The Table numbers reflect
the origin of their content.
Table 6.78 Any Numerate Behaviour in encounter with a Specific Mathematics
Domain - Richie
Relevant to Table 5.6.1 Dh&C
47-Q15d. I merge work data from different sources to create an overall report.
It was clear from the author’s observation, that Richie received his
instructions in 3 formats, by reference to storage location, customer and delivery
route. He also used Exception reports to help in the search mechanism. Finally
he had to report to the line manager regarding the status of the work. It seems
that Richie interpreted this item differently hence the contrasting scores.
48-Q15e. I solve a problem by exploring the data for a likely explanation.
The difference in score is slight, while still recognizing his reliance on data
handling and Chance.
Relevant to Table 5.6.2 Pattern and Relationship
No measureable points of difference
Relevant to Table 5.6.3 Space and Shape
No measurable points of difference
Relevant to Table 5.6.4 Quantity and Number
38-Q14a. I work with amounts and quantities to solve a problem
Slight difference in the recognition of frequency, however, the reconciliation
of pick orders to files actually retrieved is an essential part of his job.
Relevant to Table 5.6.5 Miscellaneous Domains
No measureable points of difference

SR
1

OBS
5

4

5

4

5

The contrasting view of specific Numerate Behaviour in encounter with any
Mathematics Domain is treated similarly in Table 6.79.
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Table 6.79 Specific Numerate Behaviour in encounter with any Mathematics
Domain - Richie
Relevant to Table 5.7.1 Identify
SR
45-Q15b. I get work information in the form of measurements and proportions
4
Slight under-reporting on Richie’s part
48-Q15e. I solve a problem by exploring the data for a likely explanation
4
Slight under-reporting on Richie’s part
Relevant to Table 5.7.2 Evaluate
27-Q12b. I measure dimensions in work
3
The author did not observe Richie measure in the course of the job
shadowing. He may have interpreted this item as enquiring about matching space
available for the goods to be stored.
Q12c. I notice a problem in work when the measurements and dimensions seem
3
to be out of line with the usual.
Richie has become familiar with the customers and the goods that they store.
He used the type size, weight and shape of the goods in the picking and
reconciliation process – which is a frequent and daily occurrence.
43-Q14f. I read charts, graphs, sketches and the like to get information about my
5
work
There was only one instance of a graph convey information about customer
satisfaction in the warehouse, which he said he did not know what it was about,
other than there were testimonials from satisfied customers.
Relevant to Table 5.7.3 Act Upon
38-Q14a. I work with amounts and quantities to solve a problem.
4
A frequent occurrence in reconciliation
Relevant to Table 5.7.4 Communicate About
No measurable points of difference
Relevant to Table 5.7.5 Workplace Behaviours
47-Q15d. I merge work data from different sources to create an overall report
1
Treated earlier in this table under heading 5.6.1
60-Q17e. I measure things
4
The author did not observe Richie measure in the course of the job
shadowing. He may have interpreted this item as enquiring about matching space
available for the goods to be stored.
Relevant to Table 5.7.6 Problem Solving behaviours
No Measurable points of difference

OBS
5
5

1

5

1

5

5
1

The revised Differential Item Functioning (DIF) profile for Case Study 1 is shown
in Figure 6.35, highlighting only those DIFs that exceed 0.5 logits.
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Figure 6.35 Case Study 1 – Highlighting the larger extent of Differential Item
Functioning only.
Thus, Case Study 1 offers confirmation that the survey instrument performed
effectively in reflecting the individual’s self-reported Numerate Behaviour, albeit with a
few explainable differences. These differences can be represented as ‘comparative’
Mathematics Invisibility Figure 6.36.

Observation 452 - Self-Reported 444

Measures
More
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3
2
1
0
-1
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-6
0.01

0.1
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1

10

Outfit Mean-square (log-scaled)
Underfit

Figure 6.36 Bubble chart of the relative locations of the Observed (452) and the Selfreported (444) Numerate Behaviour.
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The pink circles depict the difficulty of the items along the logit scale. The size of
the circle suggests the associated measurement error. The smaller, blue circles, credit
Case Study 1 (452) with more of the latent trait than he self-reports (444), especially in
the items that he found more difficulty in agreeing with, e.g. he is credited with
instances of Numerate Behaviour every day, instead of the less frequently.

6.10 Case Study 2 JOC
The Self-Reported and Observed response sets are almost identical implying that
JOC is acutely aware of his use of mathematics as evidenced by Rasch Winsteps
software not being able to contrast them, Table 6.80. Although describing himself as
being ‘only a van driver’, JOC is a very capable and competent person, keen to start his
own trucking business, but astute enough to wait until the economy improves. The two
data sets in comparison support the thrust of survey in that workers can recognize their
Numerate Behaviour when asked about it specifically.

The author formed the

impression over the course of the case study that JOC was very confident in his
abilities.

Table 6.80 : Winsteps Analysis unable to process Person 444, i.e. JOC self report
due to convergence of the response sets
453 Person Records Input.

CONVERGENCE TABLE –Cont
CONVERGENCE TABLE
-Control: items responses 22 09 2012.txt Output: \Tidy up Phase 4\ZOU078WS.TXT
|
PROX
ACTIVE COUNT
EXTREME 5 RANGE
MAX LOGIT CHANGE |
| ITERATION Person
Item CATS
Person
Item
MEASURES STRUCTURE|
>=====================================<
|
1
453
67
11
.00
3.58
2.1972
.8250 |
>=====================================<
|
2
2
23
5
.00
1.68
-1.5075
-1.4595 |
>=====================================<
|
3
2
17
5
.00
1.79
1.2464
-.5139 |
>=====================================<
|
4
1
17
5
.00
.00
.5948
1.1485 |
|
5
1
13
4
.00
.00
.0000
|
No non-extreme Persons, see RFILE=
Oops! Use "Edit" menu to make corrections, then restart

(Winsteps Control file label 59 JOC – all item responses).
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6.11 Case Study 3 Louisa
The contrasting responses made by Case Study 3, to Item 28, enabled the DIF report
Figure 6.37, which would not have been possible otherwise.

Survey Items
2.5
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DIF size in logits
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-2
-2.5

-3
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S

Figure 6.37 DIF size estimates for Case Study 3, contrasting the Observed and SelfReported Numerate Behaviours.

The extent of the contrast in item 28, influences the DIF reported in other items,
even though their Observed and Self-Reported scores are identical. This view, of any
Numerate Behaviour in encounter with specific Mathematics Domains is shown in
Table 6.81.
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Table 6.81 Any Numerate Behaviour in encounter with a Specific Mathematics
Domain-Louisa
Relevant to Table 5.6.1 Dh&C

SR

OBS

No measureable points of Difference
Relevant to Table 5.6.2 Pattern and Relationship
36-Q13e. I convert work information from one measuring system to another

1

1

1

1

6/1

2

33-Q13b. I think about the shapes involved in a problem to find the solution

1

1

43-Q14f. I read charts, graphs, sketches and the like to get information about

1

1

53-Q16d. I use the shapes involved in a problem when trying to find a solution

1

1

56-Q17a. I use diagrams, sketches, models and the like when I communicate

1

1

1

1

60-Q17e. I measure things

1

1

61-Q17f. I use the quantities of a problem to help draw a sketch, diagram or the

1

1

1

1

Relevant to Table 5.6.3 Space and Shape
24-Q11e. I use measurements to describe the solution to a work problem
28-Q12c. I notice a problem in work when the measurements and dimensions
seem to be out of line with the usual
This item refers to Louisa’s familiarity with the suppliers packaging
methods, so that, she can notice from the part number said to be included in a
package, what type of carton it should be. For example antennas are delivered in
2 sizes, one being twice that of the other. Her response was that she did not
understand the question.

my work

about work
58-Q17c. I use reasoning skills on the shapes involved in a work problem when
trying to figure out a solution

like when discussing a problem
65-Q18d. I use my knowledge of shapes when trying to find a solution to a work
problem
Relevant to Table 5.6.4 Quantity and Number
No measurable points of difference
Relevant to Table 5.6.5 Miscellaneous Domains
No measurable points of difference

Conversely, the treatment of Specific Numerate Behaviours with any Mathematics
Domain is shown in Table 6.82.
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Table 6.82 Specific Numerate Behaviour in encounter with any Mathematics
Domain - Louisa
Relevant to Table 5.7.1 Identify

SR

OBS

No measurable points of difference
Relevant to Table 5.7.2 Evaluate
28-Q12c. I notice a problem in work when the measurements and dimensions

6/1

2

33-Q13b. I think about the shapes involved in a problem to find the solution

1

1

43-Q14f. I read charts, graphs, sketches and the like to get information about my

1

1

1

1

1

1

36-Q13e. I convert work information from one measuring system to another

1

1

53-Q16d. I use the shapes involved in a problem when trying to find a solution

1

1

56-Q17a. I use diagrams, sketches, models and the like when I communicate

1

1

24-Q11e. I use measurements to describe the solution to a work problem

1

1

60-Q17e. I measure things

1

1

1

1

seem to be out of line with the usual

work
58-Q17c. I use reasoning skills on the shapes involved in a work problem when
trying to figure out a solution
65-Q18d. I use my knowledge of shapes when trying to find a solution to a work
problem
Relevant to Table 5.7.3 Act Upon

about work
Relevant to Table 5.7.4 Communicate About

Relevant to Table 5.7.5 Workplace Behaviours
60-Q17e. I measure things
Relevant to Table 5.7.6 Problem Solving behaviours
No Measureable points of difference

The impact of Louisa’s not being able to understand the survey item 28 is shown in
Figure 6.38. Otherwise Louise would seem to be very aware of her Numerate Behaviour
in every dimension other than Space and Shape.
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Case Study 3 Louisa DIF Size where difference is
reported
1.5

DIF size in logits

1
0.5
0
-0.5

-1
-1.5
O

S

Figure 6.38 Case Study 3 – Highlighting Larger DIFs only.

The contrast between the observed and self-reported Numerate Behaviour,
approximately 2 logits, Figure 6.38, is much narrower that that reported in Case Study
1, Figure 6.36.

Less

Measures
More

Person & Item
2
1
0
-1

-2
-2

0

Overfit

2

t Outfit Zstd

4

Underfit

Figure6.38 Bubble chart of the relative locations of the Observed (451) and the Selfreported (443) Numerate Behaviour
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With the exception of Space and Shape related item number 28, Louisa is highly
aware of her Numerate Behaviour and her capacity to respond to, problem solve and
manage, mathematics containing situations.

6.12 Case Study 4 Mark
The Differential Item Functioning of the Self-Reported and the Observed data sets
relevant to Case 4, seem to be extensive and contradictory, illustrating different
understandings of the items’ intentions, Figure 6.40.
Survey Items
1.5

DIF size in logits

1

0.5

0

-0.5

-1

-1.5
O

S

Figure 6.40 DIF size estimates for Case Study 3, contrasting the Observed and SelfReported Numerate Behaviours.

Each affected item is taken in turn and the contrasting responses explained where
possible, Tables 6.83 and 6.84, from the perspective of any Numerate Behaviour with
specific Mathematics Domains
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Table 6.83 Any Numerate Behaviour in encounter with a Specific Mathematics
Domain - Mark
Relevant to Table 5.6.1 Dh&C
No Measurable difference

SR

Relevant to Table 5.6.2 Pattern and Relationship
36-Q13e. I convert work information from one measuring system to another
The author did not observe this activity in several visits to the site
Relevant to Table 5.6.3 Space and Shape
33-Q13b. I think about the shapes involved in a problem to find the solution
Mark uses the shapes of items, along with other information, as clues to the
solution to a problem. Components vary in size and shape, he places items in a
particular way to keep track of the progress of work, he used the layout to verify
the correct interface platform, find the relevant program, fit the part number to
the proper label and so on.
43-Q14f. I read charts, graphs, sketches and the like to get information about
my work.
Mark accesses different ranges of software matched to the products that are
to be recoded, which are contained in reference lists.
53-Q16d. I use the shapes involved in a problem when trying to find a solution
Mark uses the shapes of items, along with other information, as clues to the
solution to a problem. Components vary in size and shape, he places items in a
particular way to keep track of the progress of work, he used the layout to verify
the correct interface platform, find the relevant program, fit the part number to
the proper label and so on. When doing the stock take or filling an order, Mark
locates the goods and the appropriate packing by reference to shapes and sizes.
58-Q17c. I use reasoning skills on the shapes involved in a work problem when
trying to figure out a solution
Mark uses the shape of the goods, their packing, labelling and storage
location every day in the performance of his work. The author suspects that
these shape questions are interpreted as referring to regular geometric shapes as
might be found in the mathematics classroom
60-Q17e. I measure things
The author did not observe this activity, although, Mark did estimate the
weight of a package in order to state the price point for the courier company.
65-Q18d. I use my knowledge of shapes when trying to find a solution to a work
problem .
This is a similar issue as addressed in item 58.
Relevant to Table 5.6.4 Quantity and Number
No measurable points of difference
Relevant to Table 5.6.5 Miscellaneous Domains

OBS

5

1

1

5

3

5

1

5

1

5

5

1

1

5

The alternative view, i.e. specific Numerate Behaviours in encounter with any
Mathematics Domain is provided in Table 6.84.
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Table 6.84 Specific Numerate Behaviour
Domain - Mark

in encounter with

any Mathematics

Relevant to Table 5.7.1 Identify
SR
No measurable points of difference
Relevant to Table 5.7.2 Evaluate
33-Q13b. I think about the shapes involved in a problem to find the solution
1
Already addressed
43-Q14f. I read charts, graphs, sketches and the like to get information about my
3
work
Already addressed
58-Q17c. I use reasoning skills on the shapes involved in a work problem when
1
trying to figure out a solution
Already addressed
65-Q18d. I use my knowledge of shapes when trying to find a solution to a work
1
problem
Already addressed
Relevant to Table 5.7.3 Act Upon
36-Q13e. I convert work information from one measuring system to another
5
The author did not observe this activity
53-Q16d. I use the shapes involved in a problem when trying to find a solution
1
Already addressed
Relevant to Table 5.7.4 Communicate About
No Measurable points of difference
Relevant to Table 5.7.5 Workplace behaviours
60-Q17e. I measure things
The author did not observe this activity
Relevant to Table 5.7.6 Problem Solving behaviours
No Measurable points of difference
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Case Study 4 Mark DIF Size different items only
Survey Item
1.5

DIF size in logits
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Figure 6.41 Case Study 3 – Highlighting Larger DIFs only

The incidence of over-reporting frequency in response to mathematics containing
situations, and under-report in others, has suppressed the contrast between the Self-

Less

Measures
More

Reported and Observed Numerate Behaviours, Figure 6.42.
1

0

-1
0.1

1

Overfit

10

Outfit Mean-square (log-scaled)
Underfit

Figure 6.42 Bubble chart of the relative locations of the Observed (450) and the Selfreported (448) Numerate Behaviour.
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Mark is very experienced and competent in his job. He carries out his duties with
accuracy and precision and is a highly valued member of staff. He seems to be largely
unaware of the range of his knowledge, skills and competence, even though they
underpin the majority of his activities. He would seem like an ideal candidate to revisit,
post research, to explore whether a new awareness of what he ‘knows’ as distinct from
what he ‘does’ would cause him to review his self-perception.

6.13 Summary
This chapter applied Rasch Measurement Theory to triangulate the findings arrived
at by aggregating response category proportions, but it achieved more than that. It
isolated survey items that did not contribute to the information-bearing capacity of the
survey. It identified embedded sub-strands of opinion, and provided a platform upon
which Mathematics Invisibility could be measured for the first time, adding
substantially to the value of this present work.
The experience of mathematics in the workplace varies from one individual to the
next. What appears to be challenging to one may be such a matter of routine as to
become subsumed into a matrix of other knowledge, skills and competence that are
drawn on as each situation demands. That these are cognitive, reactive and perhaps
reflexive events, presents particular challenges that may only be explored by an
instrument that enquires about opinion using Likert style statements. The alternative
approach, viz. setting mathematics tests, may succeed in discovering the extent to which
individuals recall their mathematics class curriculum, and as such, may have very little
relevance to the mathematics in use at work. The traditional approach to dealing with
opinion is to collate proportions of response categories. The assigning of numbers to
enable parametric testing is convenient, but, may succeed in imposing relative value on
categories of opinion that are merely ordinal. The author was concerned that reporting
proportions only may conceal underlying trends and operate to undervalue the minority,
dissonant view.
The application of Rasch Measurement Theory to this present work, served
throughout Item Development, Pilot Study, Selection of the final pool of items, and the
treatment of the survey responses. Survey items that enabled multiple interpretations
were revealed and eliminated for their inability to measure the trait for which they were
designed. While this approach to non-performing items may be deemed to breach the
sanctity of data by discarding ‘troublesome’ responses, was weighed carefully. That this
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research did not set out to model instances of Numerate Behaviour, but rather to
measure it, shifted the emphasis to those items that would measure with fidelity. In this
way, it could be established whether the survey was contributing to its inferential
integrity, instead of attempting to model Numerate Behaviours constructed with
possibly flawed metrics. In addition, RMT provided a measure of triangulation to affirm
the traditional treatment, to make sense the case studies and surrounding discourse. Its
principal contribution was to enable, for the first time, a method for measuring
Mathematics Invisibility, by the transformation of ordinal data into probable, logistic
scale with which the self-reported could be compared with the observed.
Aside from the interpretation of the items addressing Space and Shape, and a few
other explainable items, the findings of the survey instrument seem to have been
corroborated by the Rasch Analysis of the case studies. Had the contrasts been greater,
it may have been possible to isolate each Mathematics Domain and report the extent of
Mathematics Invisibility experienced by the case study participant, in comparison with
the author’s mathematics-sensitized eyes. Nevertheless, the evidence is strong that while
people may dismiss their knowledge of and reliance on mathematics knowledge and
skills in the workplace, they recognize its utility and frequency when asked about it
specifically, and in a familiar language. It may be that the Rasch Analysis approach to
the field of mathematics education has a great deal to offer in the service of future
research.

The author now turns to Chapter 7, to reflect on the issues emergent from analysis of
the case studies and the findings of the National Survey of People at Work.
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______________________________
Chapter 7: Emergent Issues

_______________________________
7.0 Introduction
In sum, this present research set out to: 1) identify mathematics underpinning
different contextualizations of mathematics in workplace settings, 2) align such
mathematics with the National Framework of Qualifications and 3) investigate the
impact of mathematics invisibility on the workplace, developing the tools and
instruments as needed. The process of meeting these initial aims enabled a number of
underlying problems to emerge.

1. The MKSC underpinning the workplace case studies were identified as to
domain and relatively modest levels of complicatedness, but this did not
account for the disparate and complex contexts in which they were deployed.

2. The dissonance between the dynamic, fluid nature of the workplace, and the
formal learning structures deriving from the NFQ, inhibited the recognition
of workplace MKSC to the fullest extent.

3. The denial of role for workplace in the general sense, conflicted with very
high levels of recognition of the reliance on mathematics, when enquired
about specifically, which may revise existing conceptions of Mathematics
Invisibility.

The following sections recapitulate the causative factors revealed in previous
chapters, assess their implications and offer workable solutions as follows:
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A Workplace Contextualisation of Mathematics to capture the

multiple

workplace properties, that characterize the modern workplace, Section 7.1 –
7.6


A Context-Complexity Protocol with which to report the extent, intensity
and variety of factors that influence the nature of the contexts in which work
takes place, Section 7.7



An extension to the NFQ to account for the Competence of dealing with
Workplace Context-Complexity, Section 7.8



A profile of the dichotomy faced by Recruiters need for extended context –
complexity competence and that attested by the NFQ, Section 7.9



A novel, evidence-based perspective on Mathematics Invisibility, Section
7.10



A fractal–like metaphor for the Activity System perspective of the
workplace, Sections 7.11 – 7.12



An extension to Cultural Historical Activity theory to account for Subjectcentricity, Sections 7.13.

7.1 Workplace Contextualization of Mathematics
Strong evidence has been presented herein to show that although the procedures
proliferate in the workplace, and workers adhere to their procedures, they report their
work as not being straightforward. The case studies identified hundreds of instances of
Numerate Behaviour in encounter with all Mathematics Domains, but at quite a modest
level. The implication is that MKSC in the workplace, was not captured by identifying
the level of complicatedness alone, otherwise, all jobs with the same levels of MKSC
could be considered equivalent.
Further analysis of the discourse surrounding the case studies, revealed that work is
a social activity, having multiple properties and facets, is performed under pressure of
time and accuracy, with attendant

materiality, depth, scope and peer to peer

accountability, not necessarily aligned with the authority conferred by seniority or role
status. These dimensions arise across a range of spectra and combinations such as may
differentiate the MKSC required in one job when compared to another, the novice from
the expert, between what a worker ‘knows’ and what s/he ‘does’, and may not feature in
the official accounts of Standard Operating Procedures (SOP). Whether learnt formally,
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informally and non-formally, tacitly or through analogical rationality, they are highly
valued in the workplace. The descriptor ‘work experience’ is used as a unitary concept,
implying a depth of understanding that is commensurate with the quantity of time
served. However, the case studies, and the findings of the National Survey of People at
Work in Ireland, provided the basis for a workplace characterization that is rather more
profound and may be described more completely in terms of its Complexity. The author
has elaborated these themes to produce a contextualization of the workplace, in terms of
Accountability, Clarity, Familiarity, Stressors and Volatility in which mathematics
knowledge skills and competence, regardless of level of complicatedness, are deployed.
Each of these characteristics in turn comprises constituent dimensions, described in the
following sections.

7.2 Accountability
The common interpretation of the term ’accountability’ is having to do with taking
responsibility, connoting a degree of power and control as might be associated with a
supervisory or management role. The corollary is that the ‘ordinary’ worker, for whom
there are no official levers of power, is unaccountable and completely free of
responsibility. The experience of the case studies suggests otherwise i.e. that
accountability is a more immediate and tangible concept, comprising a range of
components, in degrees of intensity that vary from job to job, each defining part of its
context.

7.2.1 Audit Materiality
This facet refers to the impact of error, ranging from the negligible to the catastrophic.
For example, a worker in a supermarket may use the same MKSC as a person packing
parachutes. An error on the part of the former is likely to be discovered in the
reconciliation process and easily corrected without loss, whereas the consequences of an
error in the latter could be fatal. While this contrast is dramatic, it nevertheless
highlights that workers can, by making a simple mistake, compromise the service
provided by the employer and expose the organization to embarrassment, loss of
business, reputation and the risk of complete failure, despite appropriate procedures and
SOPs.
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7.2.2 Decision making
The performance of work may require decisions to be made from time to time in
response to unexpected or unusual circumstances. Whether the worker is permitted or
expected to make decisions, to what extent, and under what conditions, extends the
remit of that worker beyond simply executing a sequence of tasks. This may be further
nuanced by the influence of other stressors which may produce both formal and
informal interpretations of the decision making rules or guidelines.

7.2.3 Initiative
It is not possible to anticipate, and provide for, every possible set of circumstances that
may arise in the modern, dynamic workplace. That work is not straightforward bears
this out. A worker may have complete latitude to assess a novel situation and respond
accordingly, or be required to apply the SOPs to the letter. There may be a ‘fuzzy’
understanding of when the worker is expected to use their initiative and when not. In
this case, the worker assumes responsibility for having acted ultra vires, adding an extra
tier to the dimension of Initiative component of a job, with a possible consequence of
placing their continued employment at risk.

7.2.4 Concreteness
This is the spectrum of work components ranging from the tangible and solid to the
abstract and theoretical. It is plain that, at the lowest level, manual work e.g. digging
soil, comprises elements that are fully recognisable, physically present and few,
whereas, at the opposite end, some or many work components may be abstract,
theoretical or imagined. The gradations in between represent the transformations from
one to the other, assimilating and integrating other concepts along the way. In the
central range of concreteness, a trades person may handle elements that are concrete and
specific, but be expected to take other factors into account such as the appearance of the
finished product and its aesthetic fit with work accomplished by other people.

7.2.5 Judgment
There are many types of jobs that are designed with the discipline of a simple algorithm.
The worker assesses the variables and selects a prescribed course of action. From time
to time, the ‘variables’ may come into conflict and require some intervention to resolve
them and permit work to continue. Such an intervention may form part of the job
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specification, may be conditioned or may require knowledge and expertise from
elsewhere. In this way, the exercise of judgement, in what circumstances and to what
extent, adds to the fabric of the context in which MKSC are deployed in work.

7.2.6 Planning
The function of planning is normally associated with positions of power and authority.
It is an essential and pervasive strategy to increase the likelihood of completing work on
time, within budget and to the expected quality standard, while minimising input costs
and maximizing profit margin. This describes planning as a component of context at the
highest end of the spectrum. The opposite end is ascribed to jobs that have no
involvement in planning, although this may not be strictly the case. The author argues
that every job contains some element of sequencing tasks with the benefit of local
knowledge, keeping in mind task that occur later in the sequence. For example, loading
goods on a truck while being conscious of the delivery sequence, i.e. last-in, first-out,
improves the efficiency of the unloading.

In the case of all loaded goods being

unloaded in one place, delivery sequence is of no account, however, the distribution of
the weight, for stability may become the priority. In this way, the planning dimension
of a job may be explicitly or tacitly learnt, and may be subject to rules and guidelines
that vary in specificity, in its effect on context of work.

7.2.7 Responsibility
In the modern era, responsibility has become synonymous with guilt and the definition
of who pays compensation when something goes wrong. It is associated with high status
and the power to command resources and regulate activity. The author argues that it
trickles down through the hierarchy, depositing degrees of responsibility at every
identifiable level, including those at the lowest level, although they may be perceived as
having no responsibility. Each worker has some degree of responsibility to his/her
peers, regardless of their principal activities, to produce work on time and in line with
specifications. This responsibility may be assured by the processes and procedures that
condition work, and escalate from partial i.e. within varying limits to complete and
absolute, thus describing another strand in the workplace context. Each of these subdimensions of accountability interact in unique combinations and may be influenced by
the degree to which the context is clearly perceived.
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7.3 Clarity
Clarity around the aims and objectives is a desirable feature workplace, and one that is
obtained in varying degrees. It is a difficult concept to describe succinctly, as its
meaning is dependent on the situation it intends to describe, particularly so in a rapidly
changing workplace. At every level in an organization, it is critical that everybody has a
clear understanding of their purpose, whether in anticipation of an outcome in the near,
mid or long term. The author suggests that the extent of clarity in the workplace is a
combination of the interaction of several factors viz., Distracters, Priorities, Reflectivity,
Information Sources, Vision and Information Completeness.

7.3.1 Distracters
This refers to the likely presence of elements that may distract the worker from their
purpose, or add the potential for confusion and error. Simple, tightly defined jobs,
involving one or few elements would seem to be free of distracters, except perhaps
boredom born of narrow, repetitive cycles. Other distracters may be explicit and easily
identified and discarded. Towards the upper end, it may become more difficult to
discriminate between pertinent factors and distracters that are embedded and plausible.
The implication for MKSC in the workplace is the ability to identify the relevant factors
and select the mathematics technique appropriate to the situation. That the MKSC may
be modest in terms of complicatedness does not diminish the impact of the outcome if
they have been applied to the ‘wrong’ variables.

7.3.2 Priorities
The setting of priorities is a function of the control and command structure in
organisations, but not exclusively so. The achievement of overall aims, comprises
reaching a number of objectives, each of which may foster the development of project
‘milestones’, which mark the time or budget point by which a set of tasks have been
completed. In the more project-mature organizations, such milestones are agreed
amongst the individuals with the relevant expertise, each of whom must juggle their
local resources. It may appear that individuals at the lowest end of the priority scale
have no choice, having been given a simple, clear objective. Discretion regarding
priorities is not necessarily aligned with job status, especially in global enterprises that
commission very specific outcomes from their plants spread across the World. To this
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extent, the exposure to priorities, however set, is another descriptor of workplace
context.

7.3.3. Reflectivity
Reflective practice in industry is common, although it may be realised as project review,
strategic planning, periodic reports, performance review, and systems and financial
audits. It is pervasive and hierarchical insofar as the outcomes tend to flow upstream. It
may be initiated in reaction to a costly error, to identify a systemic flaw, in which case
the remedies flow downstream. Other jobs may completely avoid the opportunity to
reflect not appreciating its value. Most jobs could be expected to involve some degree
of either personal, or professional introspection with a view to continuous improvement
regarding the metrics and methods employed in, and therefore constituting, their work.

7.3.4 Information Sources
The sources of work information may range from single, simple source, expressed in
job specific terms at the lower end, to multiple sources in various formats, referencing
concrete, abstract and theoretical data on familiar and unfamiliar topics. It may be
verbal and non-specific, requiring interpretation and locally-tuned inference. It may be
deduced from dialogue or rumour, and vary in reliability. Dealing with multiple
information sources would seem to describe a crucial element of any job, and could
impinge on other context strands such as clarity, and accountability.

7.3.5 Vision
Vision, in this sense, has to do with the meaningfulness of the job to the individual. It
alludes to the sense of purpose, beyond the boundaries of the job and how the output of
the job integrates with surrounding activity to produce something that is whole in itself.
For example, the collection of meter readings for input to a spreadsheet is a limiting
experience in the absence of further explanation. Vision can be contained within the
boundaries of a single job, or restricted by preceding and following activities each of
which are mutually dependent. In contrast, acquiring a broad view of the organisation’s
aims and position within the market can influence the way in which work is done and
the utility of the supporting artifacts, including MKSC.

310

7.3.6 Information Completeness
Work information is likely to be complete in circumstances that are tightly controlled
and closely monitored, although not necessarily so. Incomplete or imprecise
information, necessarily imports guesswork and uncertainty, however informed, and
tends to increase the risk of error. At the leading edge of industrial research and
development, complete information is the object being pursued. Creative and innovative
activities feature aspects that are known and unknown in extent, and the recognition that
there may be other unknown-unknowns, and perhaps even the unknowable. That this is
a facet in the workplace that varies in impact on how work is done is another workplace
context attribute.

Exposure over time may contribute to the extent to which the

characteristics and properties of the workplace become familiar.

7.4 Familiarity
Familiarity is a gauge of what has become known as the ‘comfort zone’, a state in which
the worker is well practiced in the performance of a sequence of tasks, in unchanging
surroundings, in encounter with stable, recognised components. Beyond the ‘comfort
zone’, lies the ‘stretch zone’, which presents challenges to the worker that are
nonetheless within their capacity to achieve. The author argues that an overall sense of
familiarity, or otherwise, may be the product of the following parts:

7.4.1 Specificity
This refers to the extent to which components of a job are specific, recognised and
unvarying at one extreme, in contrast with the abstract, theoretical, and widely varying
at the other, with gradations in between to account for degrees of transformation from
one to the other. The implications for the context in which the experience of work
occurs are clear, encapsulating a factor which presents more challenges as specificity
diminishes towards the abstract.

7.4.2 Principal Activity
The worker’s principal activity adds a determining context characteristic. A single,
closely defined and monitored, solitary activity has a simplifying effect on the worker’s
activity. In contrast, a professional person, at the leading edge of his/her discipline is
likely to encounter a wide variety of familiar and unfamiliar situations, diagnose
problems, develop creative solutions and implement them, in multiple interacting
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activities. In the interim, individuals may switch between increasingly varied activities
in response to workplace demands.

7.4.3 Elements
Jobs may comprise a single element at the basic level, and progress through a single,
unvarying sequence of tasks, to one that is moderately or extensively influenced by
internal or external factors, some of which may be unfamiliar. This reflects complexity
in the sense of the number of elements and ways in which the elements can be
combined. As these quantities increase so too does the degree of complexity. This
insight offers another factor with which to discriminate between jobs and the value of
the derived work-experience.

7.4.4 Facets
Not to be confused with Elements, Facets, in this case, deals with the extent to which
elements may be nuanced, not solely an empirical count. This connotes a capacity to
detect and interpret a particular instance of an element and to act accordingly. Facets
may become familiar over time, but that would not preclude the emergence of a novel
occurrence, all of which conjures up an influential consideration of workplace context.

7.4.5 Group
Solitary activity can be challenging to those unsuited to working alone, but may be
appropriate to a person unsuited to working in a group. Engaging with a small group,
becoming familiar over time, may present less challenges than belonging to a larger
group that is mainly co-located. The ability to participate in an unfamiliar group, which
may be large and partially or substantially distributed across a number of locations,
implies a maturing set of knowledge skills and competence, and confidence in one’s
mathematics and other capabilities. Once again, the same MKSC may be at the service
of a job located along the Group context scale, exerting an influence on the context in
which they are used.

7.4.6 Routine
Following a familiar set of tasks in the same sequence, repeatedly, may be a product of
the constraints imposed by procedure or a set of procedures, conditioned by internal or
external factors. However, as the survey findings have shown, procedure accounts for
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just over half of workplace activity, the balance being evoked by unspecified factors
such as this present workplace contextualization is seeking to capture. Routine is a
ubiquitous dimension in work, and is not completely positive in its implications, but is
worth regarding for its descriptive qualities. However, many workplaces may differ
from a range of factors that could contribute to stress experienced by workers.

7.5 Stressors
The uniqueness of the individual makes it impossible to be definitive about the causes
and effects of stress in the workplace. The author does not presume to comment on the
possible effect of ‘distress’ in the workplace, but rather to introduce a range of factors
that either singly or in combination, may change the experience of work, while using
the same level of MKSC or other skills. The suggested factors are: Constraints,
Pressure, Problem-potential range, Solutions, Sources of stress, and Structure of the
workplace.

7.5.1 Constraints
In the unlikely event of limitless resources, constraints are imposed to optimize the
output and minimize the input, in terms of time, materials and labour. Ranging from the
clear and simple at one end of the spectrum, to those which are broad, imprecisely
defined and inferred from internal and external conditions at the other, constraints have
the potential to simplify or complexify work. The presence of a few clear and fixed
constraints is characteristic of a job at the lower end of the scale, whereas, multiple,
flexible, interrelated and mutually regulating constraints may add substantially to the
performance of work towards a specific outcome.

7.5.2 Pressure
Workplace pressures come in many guises including the cultural, temporal, personal,
professional, philosophical and political. Most common of these has to do with priority,
urgency, accuracy and expectations. For example, completing a set of calculations under
extreme and continuous time pressure is quite a different proposition to performing the
same mathematical activity at leisure. In this way, the experience of work may be
described by

levels of pressure ranging from none, through loosely defined

expectations, to issues of volume throughput targets, compliance, quality, accuracy,
culminating in extreme pressure as may feature in cases of emergency.
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7.5.3 Problem - potential range
Simple jobs exhibit little or no potential for problems, excepting equipment breakdown.
Even then, the worker may be required, or permitted only, to report the situation by
triggering a call for attention. Jobs may increase in complexity in line with the number
and possible range of familiar problems, through to levels of expertise needed to deal
with multiple novel problems.

7.5.4 Solutions
Similarly the range of available responses to problem situations escalate from there
being one response to all problems, through a continuum of the application of familiar
solutions to familiar problems, progressing to mainly unfamiliar problems to that
requiring novel responses and creative solutions to unfamiliar problems. Each of these
levels of expertise, adds to the palette with which to discriminate between the
experience value of different jobs, and the selection of the appropriate mathematicsbased response.

7.5.5 Sources of Stress
There may be none, few or many centres from which workplace stress may arise. They
may be internal or external to which the individual is partially, moderately or broadly
exposed. They may be such as can be avoided, or an integral part of the work, having a
relentless and cumulative effect. Dealing with multiple sources of stress in work, is,
potentially, more challenging to the individual, and may circumscribe the environment
in which MKSC finds expression.

7.5.6 Structure
Working in a highly structured, tightly defined organization, lends simplicity to its
functions, albeit at the cost of flexibility, which itself might cause stress. Clarity
concerning demarcation, rules, accountability and so on, may cause lower levels of
stress. Loosely structured, broadly defined organizations, may give rise to increased
levels of stress as a result of their fluid, inherently unstable nature, which could be
described in terms of volatility
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7.6 Volatility
Volatility is the property of frequent, and unanticipated change. It refers to capacity to
respond to sudden and new developments in the market or the customers’ demands.
The extent of volatility may be characterized as occurring over 5 transitions viz.,
completely stable, mainly stable, moderately unstable, mainly unstable, and totally
unstable. Organizations and their embedded jobs, are subject to change with varying
degrees of need and urgency, as may be profiled under the following headings:

7.6.1 Conditionality
The performance of work may be subject to a variety of conditions, the state of which
may be determined by known or unknown, internal or external factors, themselves
being influenced by other conditions. The range of affective conditions may differ in
quantity and power. Other jobs may be immune to conditions, requiring the same
response every time. The recognition of conditionality and the extent to which it
pertains to a job, reflects the set of appropriate knowledge and skills and the
competence, in the broadest sense, that it develops.

7.6.2 Demands
The demands on a job justify its existence insofar as it has been created to fill a
perceived need. Simple jobs have few demands that are clearly defined and relatively
easily met. More complex jobs feature multiple demands that may not easily coalesce
and may compete for resources. At this extreme, the worker sequences his/her activities,
and may deploy innovative methods to cope. The effect of multiple, competing
demands, may de-stabilize the job, to an extent that is unlikely in a job profiled by one
or few demands.

7.6.3 Diversity
Diversity is the property of difference, rather than breadth. In the workplace, it refers to
the extent of heterogeneity, and coherence of the tasks. While it makes sense to gather
together mutually dependent tasks, requiring elaborations of related sets of knowledge,
skills and competence, there are jobs that occupy the boundaries of other specialities
enabling cooperation and communication. For example, a change-management
specialist may need to communicate with engineers, accountants and computer software
developers, in order to ensure cohesion and the desired outcome. In contrast, a
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completely homogenous workplace implies little scope for diversity that may not be
accounted for otherwise.

7.6.4 Predictability
Complete predictability in a job engenders familiarity, stability, clarity, and the
establishment of routine. Complete unpredictability adds depth to many of the other
factors including stress, accountability, familiarity and the absence of clarity. The
majority of jobs probably lie between these two poles, as evidenced by the survey
findings and case studies.

7.6.5 Range
The breadth of components associated with a job confers the potential for complexity
commensurate with its range. Single-issue jobs are more simple and straightforward
when compared to those encompassing several issues distributed a broad, yet coherent,
landscape.

7.6.6 Risk
In this sense, risk alludes to certainty of outcome and the extent to which it is confined.
Jobs for which the outcome is almost certain e.g. attending a machine that cuts metal
forms with

a die, have quite a different character from stock-broking. The risk

associated with the former has more to do with the wellbeing of the machine operator
rather than whether the die will produce the expected form. The activities of the latter
risks the organization’s resources in the expectation of substantial gain, while at the
same time exposing them to potentially catastrophic loss. Risk may be classified as that
component of a decision making process for which there is insufficient information. It
may not be permanent and pervasive and may be conditioned and limited. Most jobs are
located along a continuum between these extremes, exerting concomitant influence of
the context in which Mathematics and other knowledge, skills and competence are used.

7.7 Workplace Context-Complexity Protocol
The Workplace Contextualization of Mathematics described in Sections 7.1 – 7.6,
represents a comprehensive range of parameters with which to differentiate between
jobs, regardless of the level of complicatedness of their mathematics knowledge skills
and competence. The unique nature of each of each job may be reflected by the extent
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to which these parameters are present in the job specification and profile. That these
workplace characteristics shaped the context in which MKSC was used, inspired the
author to develop an appropriate framework to capture the essence of the workplace
viz., a Workplace Context-Complexity Protocol, to enable the context in which MKSC
are used in the workplace to be more fully reported.

7.7.1 Protocol Structure
Each of the main headings, Accountability, Clarity, Familiarity, Stressors and
Volatility are listed with their attendant properties as sub-headings, Appendix 7.1. Each
property is scaled across 5 transition states, each of which is described, and assigned a
two-step scoring range to permit interpretation toward the lower or upper end of the
scale. For example, The Volatility property, Predictability, may be scored at 5 or 6 to
indicate that a job may feature moderate unpredictability that is more than the lower
adjacent category (4) but somewhat less than would justify the next higher category (7),
i.e. mainly unpredictable. This scoring system recognizes that there is no empirical
scale to measure these things yet, and that the boundaries are not sharp and clear cut.
Nevertheless, guided by the evidence available and by working through each heading
and sub heading in turn, it is possible to produce a detailed profile of the workplace
context. In this way, the Workplace Contextualisation of Mathematics can be used as a
protocol for profiling the Context-Complexity of a workplace. The idea is that it is
possible to capture the complex circumstances in which fairly routine mathematics
knowledge skills and competence are used in many workplaces, indexes the need for
profound understanding, rather than more mathematics.
That the individual’s use of mathematics in the workplace may be denied or
dismissed as commonsense, argues in favour of a mechanism that is capable of making
the mathematics more visible and more fully accounted for. Chapter 4 provided details
of the extent to which the complicatedness of mathematics may be aligned with the
NFQ, but with some caveats. This present work now suggests an augmentation to the
NFQ to facilitate the recognition of, and communication about, mathematics activity in
work.
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7.8 Extended NFQ Illustrated
The provenance and provisions of the National Framework of Qualifications was
discussed extensively in Chapter 3. Its capacity to recognise mathematics activity in the
workplace was discussed in Chapter 4, together with an account of the challenges posed
by the dissonant structure of the workplace in comparison with that of the formal
learning environment. The granting of a level of Competence in line with that earned by
mastery of Knowledge and Skills was contrasted with the evidence of a ‘spiky’ profile
of workplace Competence, which was often gauged to be a higher than that of the
mathematics knowledge and skills in evidence. Notable too was that the ‘Learning to
Learn’ sub-strand of Competence was predicated on being acquired in formal learning
structures, with little or no recognition for non-formal, informal, tacit and other prior
learning opportunities as typifies the workplace. Further, it became apparent in the
course of the case studies, Chapter 4, that calibrating MKSC in the workplace by
reference to mathematics complicatedness alone, did not fully account for complex
contexts in which the MKSC was deployed.
Sections 7.1- 7.6, by providing a Workplace Contextualization of Mathematics, and
the Context-Complexity Protocol which it underpins, offered the prospect of extending
the provisions of the NFQ, to enhance mathematics visibility, and to recognize the
sophisticated circumstances in which MKSC is used in the workplace. The author now
turns to the application of the Context-Complexity Protocol to the 4 case studies,
Chapter 4, and demonstrates the added power to communicate an extended NFQ would
offer for the benefit of the individual, employer, recruiter and curriculum developer.

7.8.1 Extended NFQ – Case Study 1
The standard NFQ approach to the accreditation of learning when applied to Case
Study 1, represents the identified mathematics knowledge and skills at level 1, having
met the criteria detailed in the relevant Significant Learning Outcomes (SLO). In
keeping with standard custom and practice, the same level is credited to the four
Competence sub-strands, viz., Competence in Context, Competence in Role,
Competence in Learning to Learn and Competence in Insight, shown separately, Figure
4.2, reproduced here for convenience.
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Case Study 1. NFQ Level - Standard
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Figure 4.2. Company A, Case Study 1, Mathematics Knowledge, Skills and the Competence
Strands of Context, Role, Learning to Learn and Insight - standard interpretation.

Competence in Context and Role, based on the evidence of observations and on
interpreting the formal provisions of the NFQ, exceed that of the mathematics
Knowledge and Skills levels identified in the DTA, Figure 4.3.
Case Study 1. NFQ Level - Evidence Based Competence Profile
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Figure 4.3. Company A Case Study 1, Evidence-based interpretation of the NFQ
provisions to represent the Competence Observed in the workplace.
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The scale of Learning to Learn recognition is biased in favour of the formal learning
structures, leaving no scope for the recognition of tacit learning. The apparently extreme
score recorded for Insight, reflects intelligent exposure to the workplace, its capacity to
promote tacit rationality and analogical thinking.

The impact of having applied the Context-Complexity protocol to Case Study 1, is
shown in Figure 7.1. A separate trace is shown for each mathematics domain to
maintain consistency with the underpinning Detailed Task Analysis (DTA). While each
data point, for each factor is available, the plots shown represent the mean score of the
factors comprising each dimension of complexity dimension.

Complexity Protocol level

Case Study 1. Evidence - Based Context-Complexity Profile
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Figure 7.1 Context Complexity Dimensions for 4 Mathematics Domains

When these data are combined, the resultant graphic, Figure 7.2, captures not only
how complicated the Mathematics Knowledge and Skills deployed in this particular
workplace, it also shows the observed, rather than assumed, competence in Context,
Role, Learning to Learn and Insight, appropriate to each Mathematics Domain. The key
additional job profile information reports Context-Complexity dimensions which are
imposed by the workplace.
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NFQ Level

Case Study 1. NFQ Profile extended by Context-Complexity Profile
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Figure 7.2 NFQ extended to account for Context-Complexity.

In sum, MKSC indentified in the workplace and aligned with the existing provisions of
the NFQ, is rooted by the level of complicatedness at which it has been assessed, Figure
4.2.

Allowing for an assessment of competence observed in the workplace,

independently of its level of complicatedness, recognizes a more sophisticated context
and role that might be derived from knowledge and skills only. Insight is acknowledged
as the integration of many facets of the workplace experience. However, it is the profile
of the context-complexity that communicates new information about the workplace and
a sense of what the individual ‘knows’ in addition to what s/he ‘does’.

The following graphics, Figures 7.3 to 7.11, contrast the information-bearing capacity
of the standard NFQ in comparison with that provided by the Extended Model,
proposed by this author.

321

7.8.2 Extended NFQ – Case Study 2
Case Study 2. NFQ Level - Standard Interpretation
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Figure 7.3. Case Study 2, MKSC identified in the Workplace and aligned with the NFQ

The Mathematics deployed in case Study 2 meet all of the SLO requirements
prescribed for NFQ level 1, as determined by the property of complicatedness, which
extends across the dimensions of competence. However, observation of the work
practiced in this case study, interpreted using NFQ provided guidelines, presents a more
varied and ‘spiky’ competence profile, Figure 7.4.
Case Study 2. NFQ Evidence Based Competence Profile
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Figure 7.4 Case Study 2, Workplace Mathematics Competence, assessed independently
from Mathematics Knowledge and Skills DTA.

The level ascribed to Learning to Learn is aligned with that for Knowledge and
Skills, as it is gauged from the formal learning environments perspective.
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The application of the Workplace Context-Complexity Protocol to the evidence
offered by DTA, and the surrounding discourse, suggests a more complete profile in an
extended version of the NFQ. The NFQ profile is included for contrast and does not
register levels of complexity, Figure 7.5.

NFQ level

Case Study 2. NFQ Profile Extended by Context Complexity Profile
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Figure 7.5. Case Study 2, Workplace MKSC extended to account for Context-Complexity
(note: plots that coincide are not visible as separate entities)

7.8.3 Extended NFQ – Case Study 3
The MKSC observed in Case Study 3 warrants recognition at NFQ level 3, as is
extended to the four Competence strands of Context, Role, Learning to Learn and
Insight, Figure 7.6.
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Case Study 3. NFQ Level - Standard Interpretation
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Figure 7.6. Case Study 3, MKSC identified in the Workplace and aligned with
NFQ

The role occupied by this Case Study is set in a very diverse and unpredictable
context, requiring high levels of leadership and social skills, normally associated with
higher levels of formal learning. It is volatile, dynamic, and reactive to changing
circumstances in a very competitive commercial landscape, where insight is highly
valued, Figure 7.7.
Case Study 3. NFQ Evidence Based Competence
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Figure 7.7 Case Study 3, Workplace Mathematics Competence, assessed independently
from Mathematics Knowledge and Skills DTA.
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While the complicatedness of the MKSC at NFQ level 2, may be characterized as
routine, the circumstances under which they are used requires their profound
understanding, in support of thinking and as a guide to action. An extended profile of
the competence associated with case Study 3 is shown in Figure 7.8. That the different
Mathematics Domains seem to be deployed in equal measure suggests that they are used
in continuous, rather than discrete ways. Noteworthy is the relatively minor role
occupied by Space and Shape.

NFQ level

Case Study 3. NFQ profile extended by Context Complexity
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Figure 7.8 Case Study 3, Workplace MKSC extended to account for Context-Complexity
(note: plots that coincide are not visible as separate entities)

7.8.4 Extended NFQ – Case Study 4
Although Case Study 4 is classified as being similar to Case Study 1, insofar as they
are both described as ‘Warehouse Operatives’ , the two positions are quite different .
The MKSC observed in Case Study 4 align with the NFQ at level 2, Figure 7.9.
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Case Study 4. NFQ Level – Standard Interpretation
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Figure 7.9. Case Study 4, MKSC identified in the Workplace and aligned with NFQ

Mark services the complex environment in which Louisa operates and this is reflected
in the extent of his Competence in Context, Role and Insight. Learning to Learn, being
anchored by the formal setting requirement, does not recognize the extensive tacit
learning acquired by Mark in the course of his work and experience, Figure 7.10.
Case Study 4. NFQ Level Evidence Based Competence
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Figure 7.10 Case Study 4, Workplace Mathematics Competence, assessed
independently from Mathematics Knowledge and Skills DTA.

While not attaining the heights of Case Study 3, Mark shares the complexity of the
workplace and all that that implies. This is deduced from the DTA and surrounding
discourse, and more fully reported in Figure 7.11.
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NFQ / Complexity level

Consolidation of NFQ provision, Job Competence and Complexity

10.0
8.0

6.0
4.0
2.0
0.0

Quantity & Number

Space & Shape

data handling & Chance

NFQ Mathemetics Level

Pattern & Relationship

Figure 7.11 Case Study 4, Workplace MKSC extended to account for Context-Complexity
(note: plots that coincide are not visible as separate entities)

7.9 Recruitment Dichotomy
The design and implementation of the NFQ has served the formal education
environment well since its inception a decade ago. It provides a platform for the
maintenance of standards, and the recognition of awards achieved outside this
jurisdiction. It testifies to the academic calibre of the individual in terms of their chosen
subject discipline, to such an extent that it is cited as an all-encompassing descriptor of
the ideal job candidate in many cases. There is no doubting the standard of the
knowledge and skills attested to by the NFQ level, however the assumption that
Competence being in line with the level of knowledge and skills may need closer
examination as a result of this present research, Figure 7.12 illustrates.
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Contrasting NFQ Standard interpretation of Honours Graduate with Case Study 4,
extended to include workplace Context Complexity
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Figure 7.12 Comparison of preparedness for Workplace Content Complexity

The blue line traces the formal accreditation

awarded having successfully

completed study at level 8, Honours Degree, extending to the sub-strands of
competence, although they are neither explicitly taught nor assessed, but may be learnt
differently by different students. Since there is no formal provision for the recognition
for context-complexity, this dimension registers zero for the graduate.
In stark contrast, the red line, representing the findings in Case Study 4, begins with
effective mathematics knowledge and skills in the workplace at less than level 2,
similarly for Learning to Learn, due to the formal and structured learning stricture.
From there, noticeably higher levels of insight are recorded, accompanied by observed
competence in complex contexts. It seems that while employers value competence in
complex contexts, they may recruit by reference to academic qualifications alone, thus
disqualifying the candidates whose competence they seek.
This insight is not intended as a criticism of academic qualifications, but rather to
highlight an anomaly which can be resolved for widespread benefit. Informed by this
profile, curriculum could be modified to take account of relevant workplace complexity.
It is of particular benefit to unqualified or less qualified persons who could be
encouraged to review their self-perception of ‘not being a maths person’, and pursue
their own development by exploiting their complexity-competence to help them achieve
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relevant qualifications. The recognition of prior acquired learning, while supported by
the proposed NFQ extension and elaborated by the Contextualization of Mathematics
and implemented by the Context-Complexity Protocol, is unlikely to serve those for
whom their experience of Mathematics Invisibility persists. In other words, in order for
individuals to claim competence in mathematics, they must first become aware of it
themselves, by overcoming their denial of use of mathematics in work.

7.10 Mathematics Invisibility
The survey findings presented in Chapters 5 and 6 seem to deepen the Mathematics
use/denial paradox.

In response to a general enquiry regarding key job skills,

mathematics activity was cited less than 4% of the time. That this frequency was more
than 3 times that for literacy gave an early indication that the role of mathematics in
work may be subliminal, in the sense of being ever present, but not in the forefront of
consciousness. Weight was added to this insight by the high levels of agreement
regarding the utility and relevance of mathematics concepts and their self-reported high
frequency of use, in response to items enquiring about specific Numerate Behaviours in
encounter with specific Mathematics Domains. The tension between these two well
supported, but apparently contradictory positions regarding human activity, prompted
the author to examine the workplace through the lens of Cultural Historical Activity
Theory for a coherent explanation.

7.11 Cultural Historical Activity Theory (CHAT)
CHAT, as discussed in Chapter 2, offered a very comprehensive tool for the exploration
of human activity that takes account of the context in which it occurs. The model of
activity, Figure 2.3, illustrates the tension between, and the interdependence of, the
participants, their rules and artifacts, their motives and their expectation of outcomes, as
they struggle towards equilibrium. The ‘Activity System’, Figure 2.4, elaborates the
model of activity to express the idea of a network of activities, populated by different
people, collaborating and cooperating towards a shared outcome. The author describes
this characterization of work as being ‘Motive-centric’ in its depiction. While these are
very significant insights in themselves, they seem to overlook the typical experience of
work, from the point of view of the individual worker.
The focus of this research is somewhat different in that it seeks an explanation for
Invisible Mathematics as experienced by the individual as s/he engages in work, guided
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by procedures, constrained by time and resources, and conditioned by specifications.
Individual human activity in work may have a stake in the outcomes of a stream of
preceding, parallel and dependent activities each with their own characteristics,
invoking responses, underpinned by appropriate knowledge, skills and competence,
each being different, but self-similar, in ever finer detail.

7.12 Fractal-like Activity System
This fractal-like characterization of an organization, Figure 7.13, echoes an earlier
metaphor for Adult Education (Coben, 2002) and

may be both informative and

misleading. Informative insofar as it illustrates the landscape of workplace activities that
are interdependent and integrated, comprising separate yet cohesive elements
contributing towards to a whole that is more than the sum of its parts. It is a little
misleading in its implication that there are clear and sharp divisions between its
constituents and a disciplined pattern to its apparently sequenced behaviour.
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Figure 7.13 Sierpinski Gasket Representation of the fractal-like nature of activity systems

within work and society in general (permission applied for).

The practical experience of work as emerged from the case studies, and the,
substantially, non-straight forwardness of work recounts a different tale. The activity of
the worker, typically comprises multiple activities, which interrupt and disrupt the
orderly progression from one task to the next towards an expected outcome. These
interruptions are themselves activity systems and may be characterized by different
communities, rules, artifacts and divisions of labour, while at the same time being
underpinned by the same set of MKSC and other resources. They may comprise a
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range of adjacent and sub-activities, depending on the degree of magnification required.
From the point of view of this research, the “subject” i.e. individual, remains the same.
In this way, it seems that the worker /subject, glides seamlessly through networks of
integrated Activity Systems in the course of his/her daily work and life, occasional
breakdowns excepted. Each transition may necessitate the performance of actions
directed towards a particular goal, moderated by artifacts, guided by rules and the
community or communities of practice, among whom the work load is divided. The
actions performed in each activity system may comprise automatic operations that draw
on the subject’s repertoire of mathematics knowledge skills and competence. A possible
consequence is that, while activities may be easily differentiated by the changes in its
composition and evoke different behaviours from the subject, the underpinning
Mathematics Knowledge, Skills and Competence may become ever more amorphous
from the subject’s point of view. The point is, that the same mathematics knowledge
skills and competence are subsumed in unconscious operations in support of multiple,
interleaved activity systems, such that the anonymity of the mathematics is continuously
reinforced.

7.13 Extended Activity Theory
To illustrate this perspective, the author introduces the notion of Subject-centric
Activity Systems, i.e. the multiple, diverse and interleaved activities that constitute the
performance of an individual’s job, Figure 7.14.

Figure 7.14. Subject-centric Activity System
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Here, the author uses the now iconic Activity Theory Triangle to illustrate the
interdependence of the Motive for an Activity, the Artifacts used by the Subject(s),
belonging to a Community, who form and are formed by Rules, both formal and
informal, among whom labour is divided in pursuit of an Object, to be transformed into
an Outcome.
The ‘Subject’ is thought to be engaged in a Principal Task, typically encapsulated by
the job title, comprising a sequence of actions underpinned by Mathematics (and other)
Knowledge, Skills and Competence. In the event of a Process Breakdown in routine or
expectation, the activity is fundamentally changed in almost every respect as the subject
begins a familiar or ‘first response’ problem solving routine. Should this achieve the
desired outcome, the subject returns to the Principal Task, otherwise, the Subject may
engage with Peers on a formal (or informal) basis for support. The Peer to Peer
interaction may involve a different community, artifacts, rules etc., and may resort to
Problem Solving procedures that may or may not pre-exist, depending on the problem,
and may escalate to more senior personnel or specialists until the task returns to normal.
All the while, the subject(s) is in informal activity with work colleagues to maintain
good working relations.
The workplace experience is unlikely to be limited to the examples in Figure 7.14,
but this may be sufficient to make the point that the subject is involved in multiple
activities that occur in multiple combinations, conditioned by multiple factors. Each
Activity features Motive at the most conscious level and the associated Actions. That
these Actions are underpinned by MKSC applied at the unconscious level as automatic
operations, may associate them with all Activities in general, and none in particular.
Automatic operations, according to Leont’ev, are promoted temporarily to the level of
Actions when they become the focus of attention e.g. in response to a specific situation
or, in the case of the Survey, Chapter 5, when the subject of specific enquiry. However,
the activity of learning and practising mathematics may be indelibly, and perhaps
exclusively, bound to the school classroom and may not readily come to mind in the
context of work. In this way, mathematics and related terms and ideas, may evoke a
school experience at the Motive and Actions levels of consciousness, while at the same
time, be relegated to the amorphous, automatic operations role in the service of multiple
activities that comprise the context of work.
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7.14 Discussion
The findings of the survey presented here, drawn together with parallel case study
research, seem to support the suggestion that mathematics may be invisible in the
workplace, but to an extent that depends on the lens of enquiry. At the superficial level,
the role of mathematics is hardly recognised, that is until it is the focus of attention. In
those circumstances, the role and frequency of use of mathematics, as well as domain,
are readily distinguished and acknowledged. This may be explained by the Leont’ev’s
levels of consciousness around automatic operations, and may be compounded by the
notion of Subject-centric Activity Systems that are underpinned by mathematics, at the
service of all, but indelibly linked to only one, i.e. the school classroom. The selection
and ultimate application of some mathematics technique in the service of work may be a
consequence of habit, or routine, performed for a particular purpose, and stripped of its
technical meaning and understanding. Learning by tacit means in work, may only
succeed in the passing on of ‘what to do’ instead of ‘what to know’, and in this way
bypass a learning opportunity on which a deeper understanding of mathematics may be
built.
The workplace discourse may extend the mathematics use/denial paradox, as it may
be stripped of its technical origins, in common use yet with a shared understanding, for
example expressing probability in terms of “99 times out of 100”.

Even though

mathematics language may be in evidence, its link to mathematics concepts and
principles may be tenuous at most, and redolent of the school mathematics classroom
only.
The use of mathematics in the workplace, described in terms of complicatedness
alone, would seem to overlook the likelihood of routine mathematics being used in
sophisticated circumstances, and subject to a variety of conditions, constraints and
pressures. The author’s development of a Contextualization of Mathematics for the
Workplace, provided the framework for Workplace Context-Complexity Protocol
having the potential to differentiate the degree of sophistication of workplaces that share
the same or similar levels of mathematics complicatedness. The application of such a
protocol may enable a portable workplace contextualization of mathematics, which, by
enhancing the NFQ, could help in the Recognition of Prior Learning, inform the
continuing development of mathematics curricula and support the individual to re-
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contextualize their mathematics knowledge, skills and competence in response to a
rapidly changing economic and employment landscape.

These insights were made possible by the exploration of the mathematics that workers
actually use in pursuit of their work. The prospect for ‘ non-maths persons’ to view
their work practise through a lens that explicitly identifies Numerate Behaviour in
response to situations containing a broad range of mathematics topics, may be very
helpful. Being able to replace their denial of mathematics ability with recognition and
acknowledgement, holds the promise of a powerful transformation not only for
themselves, but for their families and communities.
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_______________________________
Chapter 8: Contribution

_______________________________
8.0 Conclusion
This research was driven by the need to identify mathematics activity hidden in the
ordinary course of work, to align it with the NFQ and to account for the perception of
Mathematics Invisibility, especially in so-called low-skilled jobs. Although these issues
have been talked about in the field of adults mathematics education for several years,
they have not been tackled in such comprehensive detail and depth until now. This
required the author to create new methodologies to enable research into mathematics in
the context of work. Having thus identified the underpinning mathematics, a new
calibration method was needed to align them with the existing provisions of the NFQ,
where none had existed before. The notion of Mathematics Invisibility in the workplace
presented perhaps the most significant challenges. That it was invisible, by definition,
posed a number of problems that had not been tackled before. The author’s insights,
developed during the course of the research activity, with the benefit of a national
survey, and supported by case studies, developed a method not only to detect it, but to
provide a means of measuring it, for the benefit of future research. The Mathematics
Use/Denial paradox was substantially confirmed in a survey designed by the author,
which led to the creation of a new framework within which the paradox could be better
understood. That mathematics in the workplace was different to that located in a school
setting gave rise to the creation of a workplace contextualization of mathematics.
However, the existing NFQ being unable to record these factors, led the author to create
a workplace context-complexity protocol to enable the recognition of workplace
competences that are highly valued by employers. These developments are important,
each in its own right, and together they provide the foundation for powerful benefits for
all the stakeholders. The introduction of Rasch methodologies provided reliability,
coherence and weight to the findings of this research.
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These are the novel and substantial contributions to research made by this present work.

8.1 Workplace Mathematics Research Methodology
Workplaces may appear chaotic to the outsider. The author developed a suite of
investigative tools to bring order to the apparent chaos, to orientate the observer, to
facilitate the assimilation of substantial amounts of information, to enable better
questions and develop a platform on which to understand the answers.

8.1.1 New Workplace Research Tools


The Business Activity Model provided an overview of the organization. It
served to orientate the researcher and to provide an intelligible structure to
the host organizations.



The Work Practice Model drew a closer focus on, and set boundaries to, the
selected jobs.



The Detailed Task Analysis specified the constituent tasks in detail sufficient
for the underpinning mathematics concepts to be identified and calibrated as
to complicatedness.

Applied in sequence, these three tools stripped away the organizational, cultural,
procedural and other layers to reveal the Mathematics Knowledge, Skills and
Competence that underpinned the performance of work. They also served to capture the
meaning of the work in the context of surrounding jobs and their inter-personal, interfunction pressures and responsibilities, to an extent that has not been accomplished
before.

8.1.2 Survey: Workplace Perceptions of Mathematics- Role and Frequency
There have been many efforts to establish and report on mathematics competence in
the adult populations in Ireland and throughout the World. In the past, the approach has
been to invite adults to find solutions to contrived ‘realistic’ mathematics containing
situations, using the results to make statements about comparative mathematics ability.
The author argued that this strategy involves the substantial risk of the respondents’
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contexts being compromised by the stimulation of school experiences. In the belief that
people behaved in numerate ways in their everyday lives, the National Survey of People
at Work in Ireland, invited people to self-report their attitudes and beliefs around the
utility and frequency of their Numerate Behaviour in encounter with Mathematics
Domains, by responding to statements about specific behaviours and specific domains.
This present work offers the 67 items, approximately 28,000 item responses, and the
underpinning construct to the research community for the further analysis and
adaptation to other cultures. The findings of this survey provided a backdrop for the
case studies and added weight and validity to the outcomes of this present work

8.1.3 Practical Application of the Rasch Rating Scale Model
The author initially struggled to find a method to validate the survey instrument and
report its findings. In addition to traditional methods of reporting proportionality, the
survey data was triangulated by an application of the Rasch Measurement Theory
(RMT): Rating Scale Model. In this way the ordinal data values produced by the Likert
style statements, were transformed into probabilistic, interval data, and all that that
entails. This thesis offers a guide to the practical application of the Rasch methodology
to all following researchers seeking corroboration of qualitative survey data. This is the
first introduction of RMT to this field of study. It exerted a powerful influence on the
design of the survey and the retention of a final pool of items, and triangulation that
added confidence and corroboration to the measurements it made.

8.1.4 Mathematics Invisibility Measurement Methodology
The author acknowledges the uniqueness of the Mathematics Invisibility
experienced by each person. At best it is a comparative measure, but may be helpful in
establishing a starting point from which individuals can begin their development in
mathematics. The author anticipated that the extent of mathematics invisibility as
illustrated by the tension between observed and self-reported Numerate Behaviour,
would be palpable, and possible to depict in a Rasch-inspired, Pathway Analysis.
Chapter 6 gave a detailed explanation of how this was accomplished, and proved the
efficacy of this method. The key implication is that the survey succeeded in capturing
the individuals’ attitudes and beliefs with a substantial degree of accuracy.
Nevertheless, this is the first time that Mathematics Invisibility has been measured on a
logit scale, lending itself to future use as a device to measure the impact of learning
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interventions over an extended period. It may also be used to support curriculum design
by making invisible mathematics more visible to the individual by ‘opening their
Mathematical Eyes’ to their mathematics-saturated surroundings. In this way too,
individuals will have the opportunity to revise their ‘non-maths person’ self-perception
and begin to realize their full potential.

8.2 New Frameworks and Protocols
The original intent of this study called for previously invisible workplace
mathematics to be identified and aligned with the National Framework of Qualifications
(NFQ), so that it could become more visible. This had not been accomplished in Ireland
before now, and no template or guidance was available. The NFQ was designed and
implemented from a formal education perspective, and this enabled FETAC to elaborate
the standards to be met at each level. However, the depth of this present study revealed
the scope and range of properties that made the workplace different from the formal
learning environment such that existing methods could not operate.

These lacunae

were addressed by the development of innovative protocols to enable the alignment of
workplace mathematics with the NFQ, to capture the environment of workplace
mathematics, to measure its properties and provide a mechanism to come to grips with
Mathematics Denial / Use paradox.

8.2.1 FETAC / NFQ Workplace MKSC Alignment Protocol
The recognition of learning by adults is conditioned by the requirement to
demonstrate mastery of prescribed Significant Learning Outcomes (SLO) that meet the
standards set down by the National Framework of Qualifications, from which the SLOs
are derived and pre-aligned. This approach has served well, but only in one direction
viz. from setting the standards to their assessment. There has been no mechanism to
match knowledge and skills demonstrated in the workplace to the appropriate level o f
the NFQ, until now. The FETAC-NFQ Alignment Protocol, developed by the author,
enabled the identified, previously ‘hidden’, mathematics to be aligned with the NFQ,
and, exposed the dissonance between the FETAC-NFQ paradigm and that of the
workplaces observed in the case studies. This dissonance emerges from the
determination that there exist highly valued competences in the workplace, many of
which are learnt by tacit, informal and non-formal means, but for which there is no
place in the NFQ yet.
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8.2.2 Workplace Contextualization of Mathematics
The insight that workplaces develop mastery of MKSC to suit workplace changing
needs without regard for, or reference to, the formal learning frameworks, uncovered
the main difficulty of aligning workplace mathematics expertise with the NFQ. The
focus on low-skilled jobs tended to confirm mathematics activity at fairly modest levels
of complicatedness as calibrated by the NFQ, but drew attention to the variety of
circumstances in which MKSC was used. In other words, the same level of difficulty of
the mathematics could take on very different significance determined by its enveloping
context. Thus enlightened, the author elaborated a Contextualization of Mathematics
for the Workplace to account for 5 principal factors, and 30 sub-factors, that add
complexity to the workplace, viz., Accountability, Clarity, Familiarity, Stressors and
Volatility. That these factors affect the expression of other subject disciplines in the
workplace, adds breadth and importance to this contribution.

8.2.3 Workplace Context-Complexity Protocol
The author, informed by the Workplace Contextualization of Mathematics, extended
its impact by developing a Context-Complexity Protocol, to capture the extent to which
the contextual factors operate to complexify the workplace. In this way, it becomes
possible to discriminate between jobs that are underpinned by the same mathematics,
and highlight the depth of mathematics-understanding required.

8.2.4 Subject-Centric Activity Theory of Mathematics Invisibility
The Mathematics Denial/Use paradox was sustained in this research, being denied in
the general sense, and recognized in the more specific items in the survey. This
phenomenon was reported across all education and skills levels, age range and gender
categories and defies many of the explanations previously offered. This research
determined that Mathematics Invisibility was not permanent and all pervasive, but
temporary and amorphous, perhaps being indelibly linked only with the mathematics
school classroom. This work offers an extension to Activity Theory to explain the
transitory nature of MKSC in the workplace, that is Subject-centric, always available at
the unconscious level, being brought into focus only when necessary. In the fractal-like
workplace, where multiple activities are interleaved, between which the individual
glides seamlessly, adapting to each new situation, however short-lived, mathematics lies
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amongst a repertoire of different kinds of knowledge skills and competence, until
brought to the fore to solve a problem or manage a mathematics containing situation.

8.3. Augmentation to the National Framework of Qualifications
The provenance of the NFQ pre-disposes it to the formal learning structures, which
can be in contrast with the learning that is acquired, in whatever manner, for the
purposes of the workplace. The practice of awarding a Competence level on the basis of
Knowledge and Skills mastery is made possible by setting the standards first to guide
curriculum development and assessment. However, the Workplace Contextualisation of
Mathematics and the Context-Complexity Protocol that it supports, find no echo in the
existing NFQ. The extension to the provisions of the NFQ as proposed by this work,
facilitates the recognition of prior learning, and captures more fully, the value of
experiences learnt in the process of work

8.4 Future Research
This present work establishes a platform at the service of future research initiatives.
It draws attention to what workers ‘know’ as indicated by what they ‘do’. It provides a
framework to capture and represent the value of work-experience and the complexity of
the situations in which it was learnt, for the potential benefit of workers, employers,
recruiters and curriculum developers. It offers a coherent explanation for the
Mathematics Denial/Use paradox, and an extension to the NFQ to facilitate the
recognition of prior learning acquired outside the formal structures. While these
outcomes are important and worthwhile in themselves, they each serve as a starting
point to a greater purpose.

The author commends the following strands for future research:


How can the proposed extension to the NFQ be refined and implemented for
the recognition of prior learning



How can such learning recognition be used to enable individuals to recontextualize their MKSC in pursuit of long term employability



How can individuals become aware that what they perceive as commonsense
may be formally recognized



How can employers be supported in the precise identification of the MKSC
and other skills requirements of a job to secure better matching candidates
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How can recruitment organizations leverage the Workplace ContextComplexity Protocol to identify suitable candidates for vacancies described
in similar terms



How can curriculum developers leverage the workplace contextualization of
mathematics to enable more profound understanding



How can work-placement components of formal learning initiatives be more
finely tuned to embrace the complexity, as well as the complicatedness of
workplace requirements



In the longer term, what benefits accrue to individuals who have become
aware of their MKSC and have revised their self-perception of ‘not being a
maths person’



How can the National Survey of People at Work in Ireland survey instrument
be shortened without compromising its accuracy and reliability



How can a shortened version of the survey be made available in mobile
computing as a self-assessment tool



How can a Subject-centric understanding of CHAT be used in the
management of change in workplace settings



How can the methods and protocols developed by this present work be
adopted and adapted to other subject disciplines to provide an holistic set of
resources for the long term benefit of all the stakeholders, their communities
and society in general



Despite the high levels of recognition of mathematics in the workplace, there
remains a small quantity of responses who report the almost complete
absence of mathematics activity in their work. This cohort should be
investigated more closely to determine whether there is no dependence on
mathematics, or if its invisibility persists.
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Appendices
Note: Appendices 3.15 – 3.18 regarding the FETAC – NFQ Alignment Protocol, in
addition to Appendix 6.1, Workplace Context-Complexity protocol are provided here.
Other appendices are too voluminous to print and are provided on an accompanying
DVD.
Apx. no.
3.15
3.16
3.17
3.18
6.1

Reference
FETAC - NFQ Alignment Protocol: Quantity and Number
FETAC - NFQ Alignment Protocol: Space and Shape
FETAC - NFQ Alignment Protocol: Pattern and Relationships
FETAC - NFQ Alignment Protocol: Data handling and Chance
Workplace Context – Complexity Protocol
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